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GENERAL INTRp*I)UCTIpX TO mS SMIIES. 


During Hic past few years Hk* civilisHJ world lias begin to realise the 
^vantages accruing to scientilic rft?l‘arch, with the result tli^t i\i) evc^- 
inAr(;jising anioi^jt of tin^ antf thought is being devoted to, various 
branches of science. * 

study has progrt'ssed more rapidly lhan cliemistr)% This 
‘ science may oe divided roughly into several branehts : namely. Organic, 
Physical, Ii)^fganic, and An4ilytical Cluimistry. It js impossibk to 
write *any sin^e text-b^k wWch sliAll contain within its two Rovers a 
thorough treJumi'ut of any one of these branches, owing to the vast 
^rnounj of infornfatioy that hi^s beiai a?cumidated. The need is ratlu'r 
for a sjerics of text-books dealing more ^r less compr(Hiensi\'eIy with^ 
each .branch ♦f chemistry. This has already been attempted by* 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and t^ jiresent series js designed to meet th^ needs of 
inorganic chemists. One great advantage of this prooixlurc lies in 
the fact that our knowledge of the different sections of science does i\pt 
progress at the same rate. Conse(|uenlly, as soon as any jiarticular 
pail advances out of proportion to ot hers, yio volimjc (^'aling wit|^ 
that section may be easily revised or rewritten a* occasion re(]|i^‘s. 

Some method of classifying^the el^ncRts Siy treatfnent in th%way 
^is clearly essential, and we have adopt (*d the Pca iodk^Classi Heat ion 
with slight alterations, devoting a whole volume to the conskk:^ation 
of the elements in each vertical column, as w'iil*be^‘vi<ient^from a*glancc 
at the scheme # the Frontispiece. , • * 

In the first volume, in addition to afdctniled account of the Elements 
of Croup 0, the general principles of InoT^anic (jliernisjry arc (tiscussed. 
Particular pains h^ve been taken *ln the selection of mat (rial for this 
voldmc, and an attempt has been rnadcHo present to the reader a 
clear accoimt of the* princililcs upoif w'hich our knowledge of ir^der«? 
Inorganic (iheipistry. is based. , • * * 

At the cutset it mfty.be well to ex|ftan:^ <rhht it was not intended 
to write a complete t*^-bo4)k qf,^hysif»al Chemistry. , Numerous 
excellent works^iiave already been devoted to this subject, and a 
, volume ort sach lines wopfd sqatcely serve^ as d>suitable introduction* 
to this scries. Whilst Physical Chemistry deals’ wit^ the general 
principles applied to all branehtis of theoretical chemi'jtry, our aim ’ 
has b«n Jo emplftisise their appbpation to Inorganic Chemistry, with 
which branch of the subject this series of text-books is excliisiycly 
concerned. To this^end practically all the illustrations to the laws 
and principles discussed in Volume I dear Jvith irtbrgamc substances. 

AgdiR,* there are many subjects, such as the methoils employed in 
the accurate determijiation^of atomic weights, winch are not generally 
regarded as fonnigg part of Physical ClA^mistry. these are 
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jects of im{>ortan<?c to the student of' Inorganic Cfiemi^try 

aijd are nccwdingly inclijled in the Introduction. ^ 

^ Hydrogen and the amrrrojiium faks arc dealt ^th in* Volume II, 
'along with the Pvkineiits d! Group I. The position oithe rare earth 
mcta^ i»i the Periodic Classifiq^lion has f(» mafky years -b^n a sotirce 
of diniculty. Tliey have all bcai included in Voliinie IV, along yritU 
tfic Eh^meiits of Group III, Us this was found to be the most suitable 
place for tlu rii. . . * * 

Many alloys and comp^imds* have an e^Jual #liim to be coiTsidci^d 
in two or more yohunes of this smes, but this woulft entail unnecessary 
duplication, for example, alloys#of copper and tin mightf be dealt 
with is Aiolumos II and V r(‘spcftiv»ly. Similarly, certain doiibi? 
salts — such, for examph*, as forrous ammoftijiim sulpjji^te — might^W^ry 
logically be ineliuh'd in Volume II under jnTm«)niuhi, and in Volume IX 
under^ron. As a general rule this dillicnlfy has been overcame by 
treating complex substances, containing two or more metals or bases, * 
in that volume <I(‘aling witli*the metal <r)r bavSc which S^^longs to the 
highest group of the Pi'riodie Tablb. fVfh cxanl^le, the J^l^pys of rapper 
and tin are detailt'd in Volume^ V along with tin, since copper occurs 
earlier, namely, in Volume II. Similarly, ferroi|| anftnonium sulphate* 
*is diseUvSsed iu* Volume IX ifndor iron, and not under a|jimomum in 
Volume II. The ferro-cyunides are Kkewise dealt with*in Volurr¥J IX. 

Hut even with this arrangdiicnt it has not always been found easy 
to adopt % perfectly logical linc^of treatment. • H^r example, in the 
chromates aifd permanganates the chromium and manganese function 
at part of the acid radicles and arc analogous to sulphur and chlorine 
in sulphates (iiul perchlorates ; so that they should b(‘ treated in the 
y(^ume dejfiing with ||h<j metal acting base, namely, in the case* of 
IK)tas/vni permangaifatc, upder potassium in Volume II. But the 
alkaft permanganates possess speh close analogies with one another 
tha|- KcpJtri^te ^ireatment of these salts hardly seems desirable. They, 
are t^^efoi^e considered^ in Volume VIII* 

NlKTU‘ro^ls^ otl^'r htK(‘Mrri'gularit;cs of a like nature occur, but it is 
hopc(f that, bjfpieans of cart'fully compiled indexes an3h frequent cross- 
referencing in lju! kexts of th(^ st'parate volumes, the student will 
cxperieiK-,e no diilleult^ in fin^ling the information he requires. « 

^ Particular care has been taken Vith the sectioijs* dealing with the 
atomic weigh! s of the eleniAits iiupicstion.* The figures given are* not 
uecji^arily those to be^ found in Tlie original memoirs, but have been 
rcialCulated, cxcc{)t *vhere‘ otherwise, stated, psing, thS foUowng 
fundamental values ; ‘ ' 

* I • 

• Iiydrogen* *= 1-OOfW.* * Osiygen = *1B 000. 

. Suiphur ^2-0^5. 

Potassium =- 8»100.* • Fluftrine = 19-015. 

Silvef = 107-880. ^ ^ Chloridfe. = 85-45T. 

CarDon = 12-003. Bromine =* 79-916. 

• Nitrogen U-008. % •Iodine =126-92#. 

By adopting this method it is easy to compare diractly*the results of 
earner investig^tois %ith tl^e of more recent (fate, anc^ moreover it 
renders the data for the different elements strictly<raii}barable1;hrough- 
out the whole series.* ^ • • 

^ur aim jia^not been to Inake the volumes absohitcly exhamltive, *' 
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as this woi^d render them unnecessarily tAy and ex^^ffisivc ; rather 
has it been to* contribute concise and supf^rlsfive accounts the various 
topics, an(f to ap]*eud numerous rcfererte^^s to the leadinj^ works ant^ 
.memoirs dealirt^^witn Jtlic same. Every effort has hccn made to render , 
th^se rcfcifnces accurate ffbd rcliabll^and it is hoped that thA' will 
^ireWe a useful feature hf the series, 'jibe more important abbrevialio|js, 
which are substantially th^ same as those adopted by the Chemical 
Societf^ are detailed iifth(j^subjoined ^ists^ mx \\ to txv. * 

• Jn order ^lat series shall attain rlie maximum utility, it is • 
necessary to arran^a^ for a eej*tain Jiaiount of uniforniity throughout, 
and this involves tlie supprt\ssionl)t*thc personality of the individual 
tipthor to a corresponding exfbnt for the sake of the coinnltiu welf/frc. 

at once dyty ahd my ])leasuf“e to express my sineefe appre- 
ciation of the kind and^oafiy manner in wliieh the authors J^ve ac- 
comn1«date4 themselves to this task, which, without their hearty 
eo-operation,»eould never have been successful. Finally, I wish to 
aekin)\vled^»^ the unfinJin^ e!^irtes\yof tlie puhlislur^, Messrs, tliarles 
GrifTin and (it., who have done everything in their powiT to it'uder the 
work straight foi^vard and easy. • 

J. NE\V'i;ON FRIEND 

March lOtft 




PREFACE. 

' • ’ % ' • • • 

The position o(t!upi#tl by iron amongst the elciiK nts is uniquo. Indeed, 
it is not tuo much to say that, tvithtu^abniulant sii]q)A‘s of this i^utal, 
c^ilisation as we know it to-c^iy ^fonld not b(‘ |)ossil)le. • • ^ 

S ving to the^n])ortan(^#of irfui and Uie enormous amount ol^'csearch 
las been earriect ou1^u})^n it and upon its compounds, it was felt 
that tl^e submet dcservec^ a s(‘paratc book in this series, an(l?*as has 
•already%een nientioned in the Preface to Pari I. oi^tliis volume, Part II. 
was accordin^f^" assigned to As the .work }>rogn‘ksed, howe\%T, it 
becam^ evidenj tluit t!l' amoTlnt of*inatter re(|uiring treatment could 
not be ctliqieiTtly cornk'nsed into a sii^gh* book, and it has therefore 
been d^aded to ^gaiu subdi\ide this volume, namely into Parts II. 
and IIU — tl^ former To deal with tlni chemistry of IroTi and its Coiui 
pounds, and tlfc latter to be dc\'t)ted to a study of tlie ^lelallurgical 
Chemistry of Iron. Only in this way did it apj)car possible for iron to 
receive the detailed |ni¥l careful Ireat^nent it so well descTvel. 

Tlic literature relating to iron is extraordinarily \ohutnnous, but it 
is believed that the referene(‘s given in the text art‘ rt asonably eomj)lete. 
In almost every cas(‘ the original memoirs have been consulted, and 
although it is too much to hopi^that the rcf<‘r{‘i^'(|> ar( entir^y free frory 
error, it is b(*lieved that any such <‘rrors ;kvill be relal^ively few\iid of 
minor importance. , ' » , ^ 

, The addition of the Table of Dates oj Issue of Jovr}Uilsl\)\), xviii-xxv) 
will, it is hoped, enhance the value of this vohqne. li is believed that 
the list is perfectly correct, as all th<; figures ha^e i)et‘ii cheeked ngajnst 
the volumes on ‘iiie shelves of the Library of the (’heiu’eal Soci(!ly by 
Mr F. W. Clifford and his Staff. ' d » 

^“^^he Author desires to cx])r(‘ss his siijeere tiianks lo Mr M. F. V. 
Little, B.Sc., D.I.C#, who ^Yrote tlie section on tlu; Atomic Weight ,of 
Iron; to Mr R. H. ValVqice, IbSc.» A.I.C., who has carefully read 
throi^di thejw'hole of the work in ])r(K)f ; to ^Jr C. Lloyd and/ his^ 
Staff at fhe Ircwi and Steel Institute; and pai^icularly to Mr h. W. 
Clifford andthis Staff fckc Library oft,tne ^'liemieaj Society for their 
generous assistl?n^e. * *f “ * 

. , , ■ J. N. F. ^ 

March 1021 . 
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For the sake ()f easy refercn(|% a list appended of the gioi»e 

iifliportant journals in ehronulo^ical order, giving the dates of issue of 
their eorres[#<)ndij;ig series and volumes. In ceyttyn cases the .>^lumes 
hav(‘ appeared with eonsMe^abin irregularity; ki others it has ocoa- ’ 
sionully happen jd that volunKjji begun in one ^alenSar year ^have 
exbir^ded into the next year, evdifjhen this has not been tfie general 
htj)it o^tlwt seri(‘s. 'I’o still I'urther eoijiplicatc matters, the title-pagtfs 
in somc#of these latt('r volume })ear the l?»ter date-»-a most illo^cal 
procedure. In such eases the volume mtmber appears in the accom- 
panying columns opposite both y(‘ars. In a sliort summary of tjws kind 
it is impossible to g^ive full details in each ease, but^the foregoing 
remm-ks will ser\ti to ex|)lain ifi'veral appjJ-ent aimmalies. • f 
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Vfoining series 1 and 2 together. Also written as (3) 1, 2, 3, etc. 
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VOL. i:i. .I^art II. 
IRON AM) its COMPOUNDS. 


CRAPTKR l» 

*^THE EARLY HISTORY OF IRON. 

iHK part pTayid by iron in fhe dcvdopiritmt ol’ modern 

civilisaljon rerufcTs a study oHIic bistory of this metal one of peculiar* 
interest. In wluehe\ er direction we turn wv are confrouti‘d by nrtidivs 
ol iron, lar^ro and sn^U, essential and^ ornamental. It is iroft iji sonic 
form or other that constitutes tlu* framework both of our railways and 
ot our mercantile murine. Without these rapid means of transiiotj^ 
^he hu^^e populations of London and our lar^^er cities could not be fed 
and ^u[>plied with the luec.ssarifs of ei\’ilised lif^* as we knorv it to-day. 
A^raiitr reinforced eonerete,^ the building material of the future, om’S * 
what strength and ada[>tability it pos.sesseTi idmost ( nfirdy to lU iron 
f^anie, and as our supjilii s of building •stone be?*onie di jdcTed wi* shall 
bc^iven to placing increased, reliance upon this material. Of JUl^the • 
metals known to^ science, iron take* the fore*i^st .plafc^ wi ’the service 
of man. Indeed, the wonderful progres* that has* beeif made dwrTng 
the last hundred years would not hit\v been possible* had not the 
^ carter, possessed an abundant supply of irof^or its ores. , 

At the dawn ofrfhc huinan eia^iian would seize upon any stoiuis, 
brandies, or|()ther hard im^terials lyin^^at hand for [)urposes of offeiUT, 
dcfci^ce, or the chase. La^tT on it w'ould occur to him to im#irove* 
upon the ^latiyij shapes by ehv|)ping, and Ife w/5i|ld %oon discover <lvit 
ilmt is particgilarly amciii^e to such trratnicntT Thus would originate 
th^ flint, weajKirft and Wols whieb Ipive fteei^ dyseov'ered in large 
quantities in mod#rn times, Jind which antiquaries have made uSe of to 
throw interesthig light up%n th(;\nann<^r in^v^idi«primftiv^ man lived 
during what has been aptly termed the Stone Age. • 

In all probability during his .search for suitable stones early man * 
occasionally# stumbled across q^ctepric iron. Finding that it dkl not 
crack on being hammered,* that it possessed great tenacity and 

* See Friend, Trans, Coti^reU hist., 1917-18, 9 . # • 

* The i^ression Awed by many writer*, namely /►that metcoSc ifou is usually brittle 

and ttnworlable ^ the cold, appeals to be erroneous (Zimmer, J. Iron 8tul Inst., 1910, 
41 ** 306). ^ • • • 
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admitted of being rubbed to a flne,*har« edgS, he wotild pripare from 

it his i^wit valued weapoifb. ^ r xi. 

This does not constitute the begjhning of what anuquanes term the 
Irofi Age, for man at* thi^ perioft fad not recognise ahy relationship 
between metallic* iron and the red or brown ^rxhy haematites aro'^d 
jBiim, lie regarded the iron merely as % pafticularly ^useful but un- 
fortunately rare kind of stone, and not as a* substance that h^ ct>uld 
• manufacture for himself. • , j 

Interei 5 ting,s 4 lc-lights on the customs of pachistoric man aHP afforded 
by the behaviour of his ♦mfdcrri representative# in uncivilised countri^ 
Thus Ross ir| his Arctic cxj>lorations in 1818 came across certain « 
Eskimos who carried knives dbij^j^tihg of blades of meteoric iron seb 
(•nto boirj handles.^ The pieces of njc^al had been detached with^^eat 
labour from the softest of three masses df metal of meteoric origin at 
Melville Bay, and had then been cold vwriicd with stone hammers. 

ft has been ur^ed that meteoric iroif is too scarq^ to J^avc ever 
been used to any appreciable extent by prehistoric man. This is hardly 
the case, howeVer. for some*24G j:ons ofihe met^l arc kn^wn totsciemee,^ 
and iuf prehistoric times meteoric iron would be cv(^ more plentiful 
than now inasmuch as th^ accumulations derived from mcteqfic 
showers of the previous ages could be drawn upon. As Mic metal, 
owing to its fiiekel content,’ is 'usually highly resistant lio cefrrosion, it 
would not decay so rapidly by exposure as the ordinal’y manirfactured 
metal. , ^ 

Ages elapsed before man disfovered that certain “ stones,” on being 
heated in a* fire, yielded a new ** stone ” capable of bi'ing hammered 
<into useful shapes, and differing from the original stone in most of its 
other properties. This new product is now- called copper or bronze, 
akieording to its coih|)osition. At fir^t, no doubt, it was a matter of 
aeeidant w'hetlvr bronze or copper was produced. In districts such as 
Cornwall, ^vhere eoi)jvT' and tin ores occur in association, they would 
reduced together as one and the same, yielding what may be termtd 
a ”«natural qrqnze.” * In Hungary, where copper ores are associated 
wjth those o^antinlonV, ‘early implements consist of can alloy of copper 
confaining uj) to* 4-5 per iTpt. of aiitinumy. Similarly Egyptian 
implements conttiin arsenig, wdiilst those from Germany contain 
nickel.* • • • ^ ® # 

• The discovery that bronze is not obtained ffom a single ojrc but ® 
from a mixture of at Ic&st two ores rq)resci^ts a high standard of 
mo^llurgical kngwlc^gc, ;»oon to be followed, if not indeed already 
preceded, by the distoyery of iron. The question now arises as to how 
many years iron— w'hctjicr ifhtivc, mctcqjdc* or ipriantrfacturcd — has 
been ^nown to itnd»used by^dilfercnt pgo|Jes. Just as the nations 
to-day dijer jn the /el^tive. degree^ of Xhtiv civilisation^, so in past 
ages some of the,jJboples*wer(f living* in their stone age whilst others 
were using implements of bronze ^nd yet others had become familiar 
with iron. ’Thus Britain was passing through h^ st©ne period at a 
time* when iron was already knowq in ‘Assyria, in Epypt, bnd prolwbly 
also Jl)i China.® Again, at the time of the Roman^ invasion of Britiun 
the .southern tribes^ used (>ronze implements and'^ were familiar with 

' Zimmer, ‘ * 

* QowUmd, Uuideyt Mtnwriol Lteturt /or 1613, Royal Anthropologioai Inatltnte. 

See Bro^k^. /ml.. 1906, 1., 233. 
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, ito llARLT HIS^RT Of IRON: 

iron, whilik the northern tribcrof Brigaiites was in their stone age. 
Iron was kcK^ jn Egypt at least some 8500 b.c.,^ although*it Sid not 
oome into coi^on (W proDably ^ntil the fiftji or sixth century ^.ct 
Possibly the iron fo^d its way tnitlier Jroni Ethiopia, where iron 
sjnelting was probjibly^pracjised at an earlier datfi. than in Egypt.. 
During blasting operations wthin the GrAt Pyramid at Gizeh in 1807/ 
an Iron tool was found,* which, if coeval with the pyramid, proves, 
that iron was known in Egypt at the iinlte of the Fourth Dynasty 
— ^that isjsomc 5500 yea«j ago.* , • • * 

• ' Thc^ first general lydup of iron tools fouh(f in Egypt dates back to 

• the time of ^hc Assyrian Invasioi^ of fJjSOei.c., and was folmd at Thebes. 
•The Assyrians themselves appear liavc made chain mail about 

90d B.c.^ " • . • • 

The Israelites were faiffiliar with ift>u, and several intefesting 
allusions to the metal ocegr tn Holy Writ.* Og, King of B«|hau, 
c. 1200 is*statcd to have had an iron bedstt^d.*^ It is generally 
accepted that ir^i was introduced into Palestine about this time by 
the PliiKstines,^' who ware a fai^ more «ultifred race than the Israclit(Ts, 
Avith whom they were constantly coming into conllict, * 

• The oldest examples of iron used in I^lestine are tvyo wedge-shaped 

lumps foAid in the famous wafer passf^e 4 it Gezer.’ Tljp passage was 
scaled up*ab<fu^ 1450 to 1250 n.cv several hundred years before the 
use of irbn became general in Palestine ; but although these arc simply 
stray pieces of rnetalftliey show that iron was known prior#to these 
dates. Excavations at’Gczer, Lachislf, and Megiddo hav(^ brought to 
light numerous tools, weapons, and ornaments of iron, dating in some 
cases as far back as the time of David, namely, about 1(K)0 B.c. Aif 
interesting example is that of a jing ecmeni^ed to liuger-bo^c by rust, 
showing that it had been used for personal adorifment.'* * 

It is not improbable that India acquited, her knowledge df.iron 
from Babylon ^ ; at any rate iron •w'as woi^ked in Iiltiia at an 
e^rly date. From a passage in the Mack Yajiweka it woalti 
appear that some form of iroli cannon was Jised^ in itln^ Vedic Age, 
namely between <2000 and 1000 n.c.*^ Between .500 mid 200 ,uic. 
iron appears to have been in quite cotnmon use, particularly for 
war weapons. • • 

. llie famous pillar at Delhi has fr<iquentJy bccn^escribcd, and owing 

* to a regrettable scrieS of errofs the date of 91^2 n.c. has repeatedly beef! 

assigned to if. In rcahty ill only datef back to about a.d. 800. Jit is < 
28 8 ^ches in height, 22 feet being vertically above ground* «Aid 

20 inches beloti^* Its* upper dikmcter ^s*12i itidies ; its lower, itfj 
inches ; whilst its. total w{(ght is approximaily 0 tons.^i Xhc legend 

^ Petrie (ibid., 191^1., 182) giv^ 70O0 to 6000 b.c., but his system of cbrunology is 
different. *• ^ ** 

• See J. V. Day, Proc. Phil.^oc. QUugow, April 12, i871 ; also»King and Hall, Egypt 
and Wtstern Asia in the LigfU of Recent D%scoi^%ee (S.P.C.K., 1907). 

• Louis. Proc. I^haml^il. 8 oc., 1911, 4 , Part 2. 

• See i% 22 ; Defit. iv. 20 ; Nui#u xx^v. 16, etc. 

• Deot iii. U. • 

‘ See 1 Sam. xiii. Il)-Sf2; Josh. xvii. 16-18; Judges i. 19, jv. . 1 . 

’ Kaoalister, Palestine Exploration Pund, Quarterly ^tatemen^ 1908, p. 101. 

• See Hai^nock, TV Archeology of the Holy Land (Dnwin, 1016), pi 210. 

• V. SnOtR, J. Iron SkePlnst., 1012, L, 163. 

. ^ Heogi, J, Bap. 80 c. Affo, 1914, ^ 3 , 43. « 

Hadfield, /. Inm 8 kid AmL, 1912, 1., 134. 



IRCjS AND ITS COMPOtm^ 

c()nnfft(‘cl with this timous pillar assertil that^he metrfl had teen driven 
so dcfi) into the ^rroiiiid'that it had pierced the hmdMthe. king of 
serpents wlio sw/j/Kirts the earth/ tt Had tflWs a remarkably sure 
*foJn(lAtkm. A Uujalf doybted this and ordere^ the pillar to be dUg 
up, with the result that its end was observed to be moist with i/ie 
^urpent’s blood. On attempting to replace the piVar, Jiowevcr, it was 
found impossible to transfix the mly reptile* and the pillar, ia conse- 
quence, remained loos(' shaky, ^ syrnb(55ie of the Rajah’s faltering 
faith. It \m\ \\ecn siiggestc'd that the city of J[)elhi owes its name to 
th(‘ pillar, th(‘ Hindoo t^ifi being Dhelli^ or un.^tj^bh*.^ Sanskrit authori- 
ties are iaeliifed to ilu' opin^n. however, that the word Delhi mcans« 
tUe IlearfsS Delight, and has^nykliing whatever in common with the 

• pilli#. fA remarkable fc'ature of tji^ pillar is its freedom from ^ust. 

Tliisfs no doubt due to sonic‘ peeuliarityVf its surfaee layer, for pieces 
broken away appear to rust with easef^ •lladfu'ld'^ analysed one such 
saniple, and fouiuKt to contain : — * 

Carbon 

Silicon . • . 

Sulphur 

Phosphorus 

Mangaiu'si^ • . 

• 

The high phosphorus and low carbon, sulphur, and inaiiganese 
contenbii all tend towards reduction of corroddility, but do not suffice 
to ex])lain,tlie general immunity of the jiillar from eoimsion. It has 
been suggested * that the eiiiplovmenl of stone anvils may have sili- 

* eonised the surfaee ami thus rendered it less susceptible to corrosion. 

Turning now to^Kurope, it appear^ that Grei'ce was the first country 
to use iron, nami'ly, about 1400 ii.e.'* Homer (n.c. 880) was thofoughly 
famifiar with the nu tah J^nd frequently alludes to it in both Ins Hind 
and 0(h/.s5.r^. Iron,'^ gold, and Imnize are repeatedly mentioned^ as 
•irtdk'ative of wealth at the time of tlie Trojan war, which was fought 
at *1110 trarvsitirm \>f t^hp Grecian bronze and iron ages, namely, c. 1400 
40,1200 ^ " •* 

It is an interesting observation that although Homeric agricultural 
implements were*made of icon, the weapons were made of broir^C with 
but two e\e(*ptionsV* Thh cxphciation appears Jo be that when irefii 
• was first made its qualit v; was uncertain. * H arriors, ther^Tore, r^^frained* 
fropi using it until artificers lutd gained ifuHieietit experience to produce 
ifrcliable nu'tal.» « * ^ ^ ^ c 

* It is said that riKidonhlpposited^in t jie Hcraaiin bi^rtain iron bars 
that had, prior to his time, namely, n.c. ^00, served as money; and 
VValdstein, during Iiis excavations at tMs site, di^overed a bundle of 
iron roflsiwMch a^e*beKeved tp be t?iic reftpiins of rliekloh’s gift. 

The close of the Mindhn age in Oretc, c. ,1400 to 1100 B.C., was the 
period of transition from bronzecto iron in that island, and coincides 

with the Homeric age referred to above. ® 

• 0*1# o 

* * This is not actually the case, for the pillar is very firmly fixed in the ground. 

8w Dcsoh, J. We^t Scotland Iron Steel Inst.,, 1914,^1, 176. 

• • » HadHeUl. K oV * 

* CaruUa, J. Iron Skel InM., 1908, 1., 85. « 

* Mont<dius, J. Jron Steel Imt.^ 1900, |I., 6l4. » * 

* Lang^ Tf^ World of Homeg (LongmajU, 1910), oh&pter x. •* 
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• TftE EARLY HIgTORY 01* IRqfT. « • 

The Roinaas, several centiiri(‘s later, were-skillid nictallur^stii. and 
developed to a rcliiailtable extcnt.the iron resonrees of tluir e1ui)iro. 
Pliny, who eonif)iled his famous Nltnral Ifhiorrf ma’-ly two llnmsjfnd 
y«ars a^,m, ^uves a eoii^jiderable ainounl of tnfoiipnticyi relativi* to the 
ort‘s of iron and til# j)nJj)(Tti^s of the m^tal. lie discourses at eon- 
sideyiblc lengtii upon thy (endtuicv of the inet.d to rust. “ Nature, 
he writes,* “in conh'rmity wfth lu r usual Ix^^ievolenec*. has liniitc‘d the ' 
power of iron by inllietiiy^ upon it the punishment of rust, and lias 
thus ^iisplaved hiT usifal foresij^ht in rendoriw^^ nothing: in existence 
.more perishable iHan flie substance whiiji brin<^s tlie Lrr|atcst dan^nrs 
4 i|K)n pcrishtlble mortality." * «* * ,• 

i^liny was also aware of the Jaef lliat some kinds of iron^arii less^ 
resistant to corrosion than *JH»d spirilically mci»tions “ a ^^)ceies 

that “is more particularly Ijalje to rust.' lie further states =‘ ‘that 
there is ill existt nee at the eiW of Zeu^nna. upon t In^ lMi]>hrates, ait^ron 
chain by means of which Alexander the (Jivat cofist rueteei a liridj^e* 
acre)ss thr ri\'(‘r,; the* links of wliieh that hav^* bea n le plae^d arc attacked 
with rust, while* tjie* oriifmal links are tbtally e xempt from it.'’ , 

This ])ass4i^n* is remarkable as bcin^ a. very e'arly, it not imlc(*d 
th^ earliest, statenu nl ^of they re*lative e-orroelibilitie*s eif two kinels 

e>f iron. • , • * . 

The llrilons ^ve rc familiar with Iron for at least a e*entury prior tei 
the Roman invasie>n e)f .'i.l ii.c.. Senith Wale s be ine re*^^•lrele'el as possibly 
the early heime e)f the^ire»n trade.^ ('igsar mentions that the^lbiloiis 
used iron bars for currency, probably e inpleiyiiif,^ them f#r purjieises 
of exchange, marria'^e* peirliems, ete*., in a similar manne*r te) that in* 
which the kuUuUij"'* (iron spaele-like articles) eif the* natives e>j 

Central AlVie-a eir the irem in«,M)t'* e»f ( ambeKlia ;i4’e'*use*(l at tihe* presi*4t 
day. Some of the bars may be see n in the Rritish Museum,” ^whilst 
others, femnd ne‘ar Worerster, are* le)el^r,|(l in* life* Museum of that Hty.’^ 
lu appearance they resemble sweireis. havinj^ a llal anei sli^iuy ta])e*rm^ 
blade, with blunt edj,^es, and a.ruele* kiiiel of handle feirnu^l by tifruiniif 
up the ederes at oije* emi. Twe) e>f llw* bars we rr J*xjvminTe 1 ^by (ieovland, 
who [(ives the feillowinj? analyses : — ^ ^ * 



B,ir 

• Bar B. 

• Carbon 

tracer ]K*r (*e 9 it. 

00 08 per cent 

• Silicon . • 

. OOl) „ 

0 02 

Phosphorus . • . 

0 (i 9 •„ • 

0 B 5 

• Manganese . 

nil. , 

. "iV 

Nictcl • • . • . 

. f )28 

, •nil. 


^Bar examined undci^the micre*>eo||)e, rewak'd a structure similar 
to "that exhijiitcdtiy meteoric injn, whilst Bar B resembled jron pro- 
duced by direct reduction from «rc and feir^'U freim a ble^e^in. 

The bars have lost s««mewhat in weight in conseque nce e>f rusting, 


1 Plinyt bocj^ 3l, chaf. xl. Translated Boatock an<l Riley, 
• Pliny, ibid., chap. xli. • 

3 Plinv. ibid., chap. ^llii. 


1857. 


* ^^SkintThe^HMiJyofih^ Iron, Steel, TinplnU, a^d (Ht^r Trades of Wales (Merthyr 

tIU He^i of Africa 1868-71, (Sampson Low), vol.*i. p. 125 
A. Smitl^ Proc. Soc. Antiq.; 1905,^20, 179 ; 191t>, 27 , 09, 70 ; Archmlogmil 

Friend, Tf»iu. Womatershire Nat. Club, 1919, 7 , Part 2. 
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d IRON» AND ITS, COMPOUNDS/ ‘ ^ 

• * c ^ \ . I- 

but, making allowances for this, the weights appear orig^^ly to have 
approxrmal:ed to 809 grams or to i^ome multiple; of sUb-multiple of 
this* amount. In all, <»ix different (denominations have been found,* 
, of the following presumed st'andard weights:- < 

. • C c ik • ’ 

Quarter unit . ‘ . . • .^77 ^tams. 

Half unit • 154-5 „ 

Unit 809 

Unit and one half , . . ’.^“468-5 „ “ 

Double unit */ . . . . (018 1 ,, 

QuadJriple unit . S ‘ • ’ • * 

‘ Tlie rt^ason for choosing th(‘ third r^eigM, namely 809 grams, as the 
unit, a^Vl not the smallest wei^dit, namely h grams, lies in the fact that 
in th^i Cardiff Museum is a bronze weigKI:, ^fviH(‘h was found in associa- 
tion with enamellecf bronze ornaments of Late Celtic «haratter, near 
Neath in Glamorganshire. On the top of this weight is engra’^^d the 
fij^rc 1, and it weighs 809 grams. Another rlmilar weight Inadc of 
basalt, And also marked with a 1, is to be found (or wa*s, prior to 1914) 
in the Mainz Museum, i . 

These relics suggest that not merely was tiiere a standard British 
» weight corresponding to 309 grams, but that the sanjc S;tandard had 
been adopted throughout a large portion of Europe. 

Boadk'ea was familiar wth Jhc use of iron, ajnd the wlieels of the 
early Britislj war chariots wert; encircled with iron tyres, as is proved 
by remains found in Yorkshire, although it is very doubtful if they were 
fttted with scythes for laming hostile infantry, as was at one time 
believed, yndoubtedly many of the jveapons wielded by Boadicea’s 
• trhops against the UomUns, a.d. 61, were also made with or strengthened 
by iron. * ., * 

During ilomun times a considerable iron trade was established in 
Brknm. In 4 A.i). 1‘20 Hadrian established an arms factory at Bath, 
wluw iron fr^indhc/on^t of Dean was worked.^ But in the unsettled 
pefiq|ds immediately suecc'cding tl'ic Roman occupation the industry 
lapsed, to be W’vived again shortly before the Norman Conquest. This 
latter invasion procKieed such*an upheaval in the country that the t^ade 
again declined until about the fourteenth century. ^ 

• In 1850 or thereabout^ east iron was' produced in Sussex, <thich 
•country was at that period one cK England's *most important centres of 

the**ron industry.* TIk' introduction of cast iron made it possible to 
utilise our ores to fa> ^rcatdr , advantage tjian woulcf dt^ierwisc have 
been the ease, and eonstitfated an important ^iJvanccfn the metallurgy 
of iron.* It was in*t he* little Sussex* village «f Buxted^hat * • 

« « • 9 ^ r ‘ 

, *“ Huggett and liis niafi John, 

They did cast t^e first cannofi,”^ 

and lyany of the \allage churches ^id churchyards' are graced*by iron 
tombstones which date back sevcrarccnturies. 

Prior to 1653 there were 42 iron forges in Sussek, and 27 furnaces. 
The* industry en^ploy^ somq 50,000 men and furnished the m§>in supply 
of ordnance for national defence. About this tihie, however,* the &el 

* • * * 

^cSedlSoriTenor, oj the Iron Tradt (Longmans, 18641. 
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• THE'l^LY HISTORY OH IRON. 

• t • * * 

shortage to be serious, the supply of ehaVcoal becoming very 

scarce. * BefoAr 1^64 line number of furnaces was reduced to ll, and in 
1667 the forger numbered only l4 • It was m i until 1809, huwcl^cr,* 
that the last Sussex f^rgi; was extinguished,* nam< ly at Ashburnliam. 

» Towards the close ofsthe wightcenth ce^itury tlure'was considerable 
improvement ih the trac^e in other parts of the country, for coke >^as 
now bfing used. In 1790 England possessed no fewer than 81 eoke^ 
and 25 charcoal furnaces. In 1917 the tdtai number of blasj furnaces 
wa.s ^96, ^nd of these fiii*average of .324 werejn blast tft any moment 
Huring'ihe year. •The*cnormous growth in the output of j)ig iron since 
J740 is well illustrated by the foIk>wii%j Able. • 

• 

* • • • • 

PRODUCTION OF PIG WON* IN TIiE> UNITED KINGDQM.* - 


« V • 

Y our. 

• 

• 

• 

IMg Iron. 
Tons. 

• 

* ... 

Year. 

• 

Iron. 

Tonw. 

•• 

1740 

17,350 

18X0 

5,963,515 

» 1788 

• 63,800 

1880, 

7,749,238 

• 1806 

243,851 

, 1890 

7,905,0(10 

182(5 

368,000 

1900 

8,908,570 

1830 

1 677,417 

1910 

10,210,715 L 

1840 

1,^390,400 

tom 

10,260,315 

1850 

2,249,000 

1918 

9,072,0()0* 

1860 

3,889,752 

1919 

7,398,000 


-• 


1 ^ 


The output for 1913 constituted a reoorc]^ up to tlu‘ outbR‘ak of 
war in 1914, in which latter year the produetioii fell by about ift per 
cent, and remained at approx i mat (4y 9 million tons uiHil 19Hk-4lfe 
latest returns available at the fime of writing, — ui whic^t^ear tlu n^was 
a marked decline in production. * * * *. ** • 

The world’s production in tons of coalt iron ore, j)ig iron, and steel 
for 1913 — the last year for whidi eompkte records are available — is 
given in the followiim table, and iiglieatcJf the enorniofls (|uantities of 
fuel, 6re, and metal annually*handled, and their eonsc quent importanor 
lo modern ciVilisation.* • • • * 

• • - 

• • • m ^ 

* Compiled fromHata siltoplicd by tlR Statifdical 1tejx>rU ^r»I910 and lOlS of the Trw, 
Steel, and AlliecbTrades Fedcnatj^i, and from th<«J. Iron Sled ImdiliUe. 

• Statistical RcjmfloT 191ft. ^ 
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‘ ^ ^ . 1 

• 

(’ountry. 

t . 

Coal. 

• 

* Iron ftro. 

i 

•Pij? jtron. 

C 

Steel. 

- -• - 

f ' - — 

< 



'Uiytcd Kiiif,^d()iil 

287,1^2,000 

15,(f97,328 

ip*200,515 

7,663,876 

Catiadu . 

15,012,000 

307,034 

1,015,118 

1,042,508 

' Newfoundland 

• . . 

11,322,000 

868,102 



Australia* 


46,563 

« • • 

New Zealand . 

• >,88^,000 

• 



Union S. Africy 

10,73J,000 




In^lia 

I0,208*0ft(j 

• 370,815 



Juni# (4‘Xports to 

. 279,071 



li.K.) • • • 

Austgiia-lIiin^ai'V 

* 17, .5^1 9,000 
t 3(i, 179,000 

\ 

1 '^318,031 

2,380,801 

2,025,879 

Bflj^duin . *. 

22,8 12,000 

149,150 

2, 184,090 

2,160,030 

FraiKU* ? 

10, « 11,000 

2 KOI 8,000 

5,3fl,310 

4,635,100 

Ali^^criai 


1,3 19,000 



Holland . 

l,H7il,000 


* 

1 

Germany , . 

*191,511,000 
t 87,llG,H)00 

y3.'5,9Pl,28^) 

19,291,920 

t 

1^,958,819 

Italy . 

701,000 

' 003,110 

12(^755 

^33,500 

Uussia 

Portugal . 

8;3,3()9,000 

8,077,000 

.1,557,000 

1,837,000 

« 

19,182 

0 


Spain . * . 

1,293.000 

9,801.008 

12 1,77 1 

211,995 

Cv^irway . 


78.930 



Sweden , 

30 1,000 

7, 175,571 

730,257 

590,887 

, United Stiftes . * 

‘ , 509,900,000 

01,980,137 

30,960,152 

32,32V,018 

('liinn, . 

2^1 85,000 




Bra/il • ^ ' 





. Grv-To . ; . . 

• • ^ 1 < 

— - 

310, 07t^ 

1 


‘ ’ Total 1 . * . 

* 

1.351.3.SUOO(l 

• 

1 170,935,331 

%. 

< 77,895,721 

70,317,873 


* Ciflil. 


« t Ugnito. 



CHAPT^#II. 

THE MINER^uJgY of IRON 

NicxTto aluminium, iron ijr most almndant ami widely distributed 
metal ii>,the ^rust ol the Airth.' It is s(‘ldom liumd frc'e in T/hturc' 
owiu" to the e.'^trernc readiness with which it eomhines with moist 
air to i^orm Hie hyd^ited o.^ide known* as rust. Sfteh I’erru^imMis 
minerals as coyitain a sulTieiently hif,di jiereeiUa^a* ol’ iron, jiossess a, 
syitable chemical composition, and occ^r in nature in lar^^e fpiantity, 
arc tcrnHid ores and a|e u^cd^for the eonnnerc*ial extraction of iron. 
Owiny tc^thoir economic importance tife ores of iron ha\A been studi(‘d , 
with uifusual Ctirc, and the suitability of th(‘ more im])ortant tyjies for 
metal lur^jical purpos(|, is discussed iti Part HI. of this vohimy. 

Tlic various mineral:? containin<r in^li may b(’ conveniiMitly elassilied 
accordin<^ to the state of the chemical combination of the fron, and the 
system adopt(“d lure is schematically represiaited as follows: - • 


1 . Native Iron. 


riMa4;nelit('s, Fe/),. 


2. Oxides x , ,/Red, anhydrous otes, Fe^O’. • 

L ‘ ^ ^^\Red-l)rown, hydrated ores. F*‘263.,rll20. ^ 

3. Carbonates — spathic ores, FeC’O-j. • • * , 


4. Sulphides ypyrites. 

5. Miscellaneous Minerals. 


• NATIVK IRON. 

• • • • 

As has already bcaai m^-ntioned, iroj^i selciorn occurs in the free stare 

in rn^iire on account of the readiness with which it oxidises on (‘X}iosurc* 
to a moist atryc^plier^a Native* iron is tj-e^ueiftly dl’ meteoric orl|^n,* 
and contaiim varying (juaj^ities of alloyed ni<‘k*cl.‘’ Usually tlie nickel 
ranges f];om 1 to' 10 per rent., but Jth<4 metilllic.pa^ticlcs contained in 
the meteorite wl#ch fell n^r Middlesbrough in 1881 posscss^ed* no loss 
than 21-82 pd* cent, of nickel,?* whiUt tli^ Saifti* Catttarifia siderite^* 
contained 84 per cent., ^nd Oktibbeha County sidefite 00 per c(‘nt. of 

‘ Seo fhis Volf I., 3rd editioi^ p. 8, 

• Meteorites consisting mainly of mltalliB iron alloyed with nickel are termed f/iderilta. 

Sidtrolites differ from above in containing stony matter as well as nativ(% metal. 
Aerolites consist essentially «l stony matter. • 

* On thastructure of meteoric iron see Fracnkal a/[d Tamnfan«, Zeitsek. anorg. Chem., 
1908. 6 o, 4^ J Osmond aini Cartaud, Oompt. rend.^ 1903, 137 , 1057. * 

. ^8eeJ. Iron fiteel Inst., , 

*• * Discovered in 1875. described by Liaiay, Cornet, rend., 1877, 84. Regarded by 

some as of terrtatrial origin. • * ^ 



10 I^ON tVND ITS COMPOUroS. 

nickel, fiwing largely 'to the presence of this element, njejppric iron 
presents a whitish fracture, and resist* corrosion extraoi-dinanly irelU 
* The following analyses of mettdntes, arranged in chronological 
sorder, will prove of, interest ^ illustrating the variation in composition. 
, that has been met'with by dif(prent investigatons:— • ^ • * 


i 

Number . 

c 

1. 

< < 

2.* • 

3. 

4. 

6. 

« f 

6. 

7. 

i 

Date when found 

|I913 

— ( — « — 

1900 

t 1906 

1904 

f 1 

1892 

1881 

< 

1870 

Locidity . 

Mt. Edith, 

Muonion- 

^’etry- 

•Qkauo, 

Williams- 

Middled- 

Rowton, 

West 

alusta, 

viRe, 

jJapan. 

town, 

bro’, 

(Shrop-. 

• • • 
a 

Australia. 

North 

Sweden.* 

Missouri* 

\ 

Kentucky 

(Yorks.). 

shirp). 

Weigh4« . 

355 lbs. 

« 

10-5 IbH. 

38 lbs. 

l(f4 4)B. 

08-2 lbs. 

/ 3 lbs. 
1,8.1 oz.^ 

* 

0-85 lbs. 

Density . 
Analysis : — 

7 -SO « 

7-9 

7-01 

7-98 

8-1 


Fo . . 

8\P500 

91-20* 

811-015 

lI^-85 

04-54 

7tl-99 

•91-15 

Ni 

9-4.50 

8-02 

9-000 

4 44 

7-20 

•-2 1-32 

8-07 

Co 

0-025 

0-09 

0-.545 

0-48 

0 52 

1-09 

0-34 

(V 


0 01 

* 


0-05 



Cii 

, 0 013 

O-Ol . 

,0-025 

traefi 

•0-03 


trace 

» p . 

0-310 

0-05 

0-36.^ 

0-23 

0-12 

• ^ 


c . 

0-017 


0-016 


0-004 

* , . 

• . . 

Si. 

0 005 


0 003 


trace 



s . . • . 

J 

0-006 


9002 





f 1. Footo, Amer. J. Sci., 1014, 37, 301. 

2. Hogborn, ZfUsch. Krust. Min., 1914, 53, 408. 

3. (1. r*. Meijfill, /’roe. (US. iVaiional Museum, 4912, 43, 595; Engineering and Mining 

V., f913, 95, 350. 0-370 per c^nt. of forric oxido was also present. ^ 

4. ChiUashige antUHiki, Zeitsch. ^norg. Chem., 1912, 77, 197. 

6. E? E. Howell, .'Itiicr. ./. Set., 1908, (4), 25, 49. 

g. Flight, Jmrk. Min., 181^4, 2, Ref. 28. The analysis of the metallic portion is given 
^only. * ()< the remtining constituents (U) per cent, were soluble Hilicates and 40 per cent, 
insoluble. ' t • • * 1 

7^ See Flight, Jahrb. Mtn\ 1884^ 2 , Ref? 28; also An Introduction to the Study of 
Meteorites, 1908, * « 

It will b(‘ observed ^hat Hy*(»f the meteorites contain, in addition to 
ni^ol, a small quantit5^ of cobalt, wHllst the farbon CDiitent is extreijiely 
small. Carbon is sometimoK prt^ent in metforic^ iron in lihe form of 
fhinvit# diamonds.’* The llowton specimen is interesting as being.the 
first fideritc observed td falf iq Great Bsitain, anti ma)% Ije se5n in the 
Natural History Museum, South Kensingtor>^ .The Perry^lle siderite 
is the first fecordcci in%taufe of thc^ presence of ruthedium in ijieteoric 
iron, Ift f^ddition to traces of this clement, traces of irWium,, palladium, 
and platinuA were dttlct?(4 • • • 

The largest knowfh meteoric mass is the Ahnighito, brought by Peary 
from Western Greenland in 1895. It bow lies in the* New York Museum, 
and weighs 86^ tons. 

^ A magnifloent collection (rf meteoritea ia contained in th^ South Kensington Natural 
Histovv' Museum, London, &nd a fdll account of them is given in the little handbook, 

S ued by order of tile trustees, entftled An Introduction to theJStud^ of MeUSrites, 1908. 
» reader is also relerred,to Meteorites, by Farrington (Chicago, 1916), and to^andl^k 
Minerakkemits by Bammelsberg I860}. « ^ 

‘'See Friedel,Vol^ rend., 1892, X15, 1037 ; Foote, Amer. J. 1 ^, 1891»42, 413. 
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. * • • t • 

iNordenskiold found some largo masses of iron containing 
1 or 2' pdSr centt ofirfiicket at O^fak in Western Greertland.’ Tliey 
.weighed 9000, 20,000, and 5(]|Q00 Jbs. r .sit)eetively, and,, though 
formerly regarded as i«cteoric, are now feeHe\'ed tp be of terrestrial 
Origin,* having been rcd(uced»froin basalt some natural i)rc>cess. 

^Grains of .Awaruite, ^n alloy of nickel and iron, have been found iiTthe 
sands of certain New Zealand and Canadiai^ rivers, containing as mucl* 
as 67*6 per cent, nickel.^ Souesite* and*Josephinite ^ arc n^^mes given 
^to fimimr alloys,® thu former from British f ^lurnbta,* and the latter 
* found* enclosed wi^thhi water- worn pebjdes in Josephine and Jackson 
, Counti^, Oregon, U.S.A. An «lloy aontaining some*7 per cent, of 
nickel is frequently termed kanJ^ite ’ ; one eorrespondinL^ V> *lhe 
formula FegNig (38 per cci^t. Ni), taenite®; and FeNi (60 per eenf. 
nickel), octibbehlte.® ^ • * 

Native iron has been found in the coal measures of Missoiitt,^” at 
depths rftngin^ from 35 to 51 feet, which preclude the possibility of 
meteoric origyi.^ Most probaljly the metql has betn hirnual by redye- 
tion. The fragpicnts t)f iron weighed on the average 0 -5 gram, but a 
larger mass,of*45*4 grams was also discovered. Tin* metal was soft 
(tiardnc^ on Mohs’ scale “ 4), ^malleable, and, on fraetur(‘, silver-white 
in appearance. Different specimens yi(ddt‘d tlu' following analyses; — 



1 I. 

• 

y- 

111. s 




* 

Fc . 

0016 

00-30 

07 -10 p(T cent. 

SiO., 

(>•37 ^ 1 

1 o.;31 


C “. 

()()65 i 

V 

•? 

P . 

0*207 

1 

0 13 • 

• 

.0-176 •„ 

• 0 


In no case was cobalt, nickel, or copper presc^if. Th(*dtyisities ranged 
from 7-43 to 7 -8^. ^ 

• 

^ Analyses are given by Winkler {Ztitsch. Kryat^Min., 1903^37, 286) of a weathered 
^ samj^e of the metal. F. Wohler {Jahth. Mitu, 1879, 832) g^ves an itialynid of the nudal 

, itself. See also Nordeiskiold, Compt. rtna., 1893, ii 6 , 677; Moissan, ibtd,, i>. 1209; 
Tiirnenohm, JoArfi. Min., 1879, p. 173. j* * 

> C. Winkler, Ckcm. 1«00, 1., 130’P; ZeiUch. Kryst. Min., 1903, 37 , 286;# 

C. Benedicks, Metallurgie, 1911, 8 , 66 . • « i * # 

* Skey, Yran% Ze(diin4 Imt., 4886, 18 , 40il ; Johi^k)n, JSnminary Rejxrrt fitol. 

Survey, Canade^for 1910, ]9U>^ 256. • 

‘ Q. C. Hoffmann? A mer. J. €ci., 1006, (4L 1 ^ 319. • ► 

• * Melvflle, Amer. ^ Sci., 1892,^3), 43 , 509. * * • 

* These names might very weM be di||>onscd with, a^>d i^l three cJloy§-».Jo 8 ephinite, 

Souesite, and Awaruito — knowii*by the earlier hame vf AwanUte. 8 ee Jamieson, Amer. 
J. Sci., 1906, (4), 19 , 413. • * 

’ Cohen and Weinaohenk, Jahrb. JflH., 1892, II., Ref. 244. 

« 8 ee«etcheitifin.»jHa 9 ., 1908, 15 , 147 ; 1899, 12 , 171. 

* Taylor, Amer J. Set., 1867, 24 , 2 %. ,♦ * 

»• Allen, Amer. J. Sci., 1897, (4), 4 , 99. , 

Mohs' scale of haMnes^ is indicated by the following substances, arranged in order of 
their ascending hardnesses : — ** * • 

f. Talc. » • 5. Aiiatite. * ^ Topaz. 

» * 2 . R^k salt. 6 . Orthoclase. , 9 . C-cjimndum. 

3. CiOoite. # 7. Quartz., 1 (L Diamond. 

4. fltfonpa^ 9 * 
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The dust showers whieh«at various times have fallen yi jialy and 
Sicily frequenfly contain ^^rains of r^‘tallio* iron.«#Siifiilar grains are 
fouru# in the sands of thr Sahara d(%(l-t, and it is not improbable that 
<the dust showers rc/erred to are terrestrial phen®nfena, the sand being, 
transported from tlu‘ desert 1^ cyclones. ‘ • In fium»roiis^ other places* 
small grains of iron have; been found, and a terrgstrud origin is ascribed 
tf> the metal in all of these e^^scs. 

Traces (d metallic iron hav?; been found ^ ir^ basaltic rocks, ^such as 
those from the Gtailt ’s Gateway .* They were dete4U;ed by. pulverising the 
rock, separatinglhe magnetic gr^iins, and subjectin|f tli^m to the detion 
of an aeidulatecf solution of eopp^^sirfphate in the field of a micro- 
se^ipe. • Syudl dejiositions of eopjifa* in, crystalline bunches indicated 
th(‘ t)r(‘^^‘n(*e of trace s of native iron. *(iraiiv> of native iron mixed* up 
with limonite and organic maftt r have b^rn found in petrifu'd wood.“ 
Iron 'stallisis in tjie cubic system, its #‘leavage bein^ octahedral. 
Hardness i T); densiPy, when ]mre, 7 80 (mean value). 

s|)eeimcn ()4‘ wliat may ternu'd “ wativ(' east ir(ffi « is stqfed b}' 
Inostzanz('ff to have bi'cn obtainT'd from UussiaTi Islai^l, Vladivostok. 
Analysis show('d it to contain ^ • 


Iro»v . • • 

( arhon (fr('(') . 

Carbon (combined) 
•Silicon 


*. per ceni . 

. 2*87 • 

. 0-83 

. „ 


and small (piantiti(‘s of manganese, sulphur, etc. In inierographieal 
sttuetiire, jis well as in e()m(><)siti(>n, the metal resembh'd east iron, and 
it is sup[)osed to have^beeii Ibrmed by U»e interaction of coal and iron 
•c)re*in a sedimentary rock induced by the lu'at from an intnnh'd ignfous 
rock. ^ ^ • 

A earbidt of iron oveurs as Cohenitc (Fe, Co, Ni)/’, in meteorites 
in Mistprti'd ejfVsljds, probably Ixlonging to the cubic system.'* It 
'possesses a meb*iVie lustire, is (in-whil(' ill e«ilour wIumi jnir(\ becoming 
nrow/.e-yellow' upon v^pn^nre to air. 'Hardness ii\) to 0 f density 0 077.''* 


MAGNETITES. 

• « , 

•Magnetite or Lodestone, Fe;,(), or Fe.^0.,.1'\0, is the richest form of 
iron ore, containing when pure^21 per €(^it. ftf metal. * Magnetite 
crysli§rs ar(‘ usually. octaiiedna and dodccahedra. and are well tlpvel(f})ed 
in jtome chlorite schist?).* Good ^rystals have been* founfl*at Nornmark 
in Wermlund. I'hey are lot scratched by ii^khife, their fiardness on 
Mohs’ scale ranging Mnn 5 5 tT> (S-5, and •their dei^ity front 4 -9 to 
5 ‘2. Magftutitci in th# nmssive form are widely distributed, occurring 
in large quantities. in Inditt, Sw'cden, South* Africa, Russia,® Siberia, 
Canada, and the United States. Tlic Indian deposits ’ are located in 

^ Tatchiai, Compt. rend., 1880, 90 , 1568, • 

* Se^ Dana, A System of Mineralogy (Wiley, 1889), p. 10. 

* InoBtaianaeff, ZeitseJt. Kryet. Jfin., ioll, 50 , 61. ^ 

* Sttancor, Min. Ma^, 1902, 13 , 196, 

* Weinaohonk, Atbumn K. naturltist. Museum, Wien, 1889, # 4 , 99; Cohen %nd Wein- 
soh^enk, *Wd., 1891, 6, 131. 

*^ec Bo^anowi^b, Stahl und I^en, 1912, 32 , 990. 

V. BaIl,*JS?c9^mtc Oeoloyy oj Irulia. 
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the Madras I^^sidcncyTand ske estimated at milliards of tons, but, owing 
to tlu: seiUMty^of fuel, they have not been worked oi^ u lafgc scale. 
Of e^^n greater nf^nitude arejthe American deposits in the ncigji- 
bourhood of Lake ^Superior, wnifti form tn^ largest source of iron 
;orc in the world. T^ic ryetal in these* ore., ranges from 55 to 6if 
per cent. « * . * • ^ < 

• Si)me of the Swedidi magnetites arc very pure,’ and are used in the 
manufacture of Swedish iron, which is jio#ed for its high quality, yfs 
the iia^e implies, miigiictite possesses magnetic pr^)])^Tti(‘Sf, sometimes 
exhibiting polanty. ^ Specimens ])ossessinglM* most powerful magnetism 
are loundjii Siberia and the Harz .Yt>«#idains. ‘ It is account of this 
property that the ores can be e|^uc(^itrati‘d magiu*ti(*a.lly on a ^‘om- 
mcrcial scale. The c(>lour vifrj^es iVom brownisli grey to irortf blank. 
Wlien compact, the minei^d is opaepie, 4)ut transluce nt de iidrke s have 
been fe)und in mica, e'xcvcdingly thin, and ranging in colour from almost 
eolourlt^s ten P^de smoky* brown. The* mineniK^has a subconf*he>idal 
fracture which^s brigdit when fre\sh. It is fusible* only with dilliculty ; 
solubk in hj^lrochlorip ^ • • • 

Accordingly Nicauder, the niime magnetite is ele rivcd from Magne-s, 
Jhc shepherd, who discovered it in coi|sequene*c of his shoe-nails being 
drawn from their soleras he tfrove* his ilo^ks to ])asture. More* |n*obably 
the naffic k derived from Magpesid, a town in Asi!i Minor, wherp 
magnetite* wa? dise*ove*re‘d. 

A pscud()morj)h|jf magnetite has been deseTibed under ^le name* of 
dimagnetite,^ which etystallises in eldngated prisms, blae-k in e-olour and 
possessed of feelilc lustre. It occurs imj)laide*d on crystal^ of magnetite, 
is magnetic, and t)robal)ly has an analogous e'e)m])osition to magnetite. 
Several varieties of magnetite are known in which the iV'iTous or ferric, 
or «tven both, irons are more*or less rcjdaced 1)y oUu'r 'inetals. .Tim 
more important of these arc • 

Chromite, chromo-ferrite, siderg-chroifie^ or chroipe irdn ore» 
Fe 0 .Cr 203 , in which the ferric oxide of magnetile •is rcplacc^l* by 
chromium sesqui-oxide. This ore constitutes tln^ main source of 
chromium compounds, ancl, on jfreount ol* fts iniusrbllity,*’ is some- 
times utilised in furnaces for linings. «L'hromite is widely distributed, 
being found in Sweden,'* Germany, Nortjiern Caucgisus,*'^ India, Canada, 
tlfb United States,^ Rhodesia, ?^ew CtU^alonin^ Tui^kcy and Greece, 
U}M)dcsia yields fiore chrome iron ore than any other (“ourtry, rfhe 
production in 1912 ainou»yug to 01,8^7 tofrs.’^ Chromite occurs in smu^l 
quantities in most meteorites.® The ore r<;.sen]J)les piagnctite in^^pcar- 
ance, having* it blac^ colour And a similar cr 3 {,stallinc form.** It some- 
times exhibits yiagncric*{)r()i)crties ; 'hardi^ss 5-5 ; density 4*8 to 4*6. 

It leaves a brown streak. ‘ 

Q 

^ 8 ee Fut*hH*and de Launay, ,/. Irt^i SUel lrist., 4{)Ht^nn»t7Vaiti de^ (JUeJi 

Mineraux d MttalliJdrcji, voJ. i. pp. 708-712. , 

* Shepard, Amer. J. Hci* 18.72, (2), ,’192. 

* W. H. PaUeraon y;ive« the melting-point of variouB chr<i)ne iron ore» aa ranging from 
1545'’ tfi 173P'^ C. {J. Tron Hied Injst.^.'anwgie Schol. Me.m(nr$^ 1914, 6 , 2.38). 

* See Tegengreu, Teknink Tidskrmy 43 , 20. 

® In the provinc^f Kuban ( Ih-saorodko, Jahrb. Min.^ 1012, 34 , 783). y 

* See report by Fnalein, U.H. Oeol. Survey, 1912 : Mi fierat Henource/t for 1911, Part I., 

P»™- « ^ 

’ Ditjer, U.S. CTeol. ^rvey, 3fin€ral Hegourcat for 1913, Part I., p. 57 d i»eq. 

* See anal^^a by Taaain, Proc. U,8. National Museum, 1908, 34 , 086. 

* On the origin of chrAmite see Pratt, Amer. JejSci,, 1899, (4), 71 2A). 
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Acids do not atteck 9 hromite, but ‘fusioi with alkali hydrogen 
sulphates e^Qcts its decomposition. The ^Grecian 0|e, wltich -occurs 
mainly in the Eastern Provinces arj^Jn the island of Skyros, is particu- 
larly refractory on account ^f the impurities it ^optains. Chrome iron 
• ores containing some FcjOj may be regarded ^s mixtures of chromite 
and# chroraititc (p. 17). Pllitiniferous chromites arc efound in the 
Urals.^ 

Franklinite, (Mn, ZiOO-FcjOg, is a magnetite in which the ferrous 
oxide is nlore pr, less replaced, by zinc oxid(? |md manganous oxide, 
which latter irnnarts a ?ca colour to the ore. It i^bui^d in New J^ji^ey, • 
U.S.A., in largAbla(;k octahediti, ^id yi recognition *of its zjne content * 
is fiequently called zincite. It*is,s*ightly magnetic. Hardness 5-5 to * 
05. Density 5 07 to 5-2. It is infu*iit>lc in the blowpipe ; solubje in 
concenifrated hydrocliloric acid.^ * 

llyjenite, titanic iron ore or ferrous dkanite, Fc 0 .Ti 02 , is the ore in 
which titanium was/rst discovered. It tal:es its name from 1sJ\c Ilmen 
Mountains. In the massive form it occurs in Norway, p^hilst in Canada, 
tht United States, India, add New Z(‘ifland, it* is met Vith its sand. 
Well-formed crystals are rare, but differ from those df the preceding 
minerals in that they belong t« the hexagonal system, anfl not to tho 
cubic. TJu'v have almost the siime angles (vk. 94° 29') as^^thosc of 
•luenmtite (viz.*94° O') {mVi6' in/Vfl]. , , • * 

Ilinenite is faintly but decidedly magnetic ; hardness 5 5 ; Mensity 
4 ’8. It i^ually contains from 20 to 30 per cent, ff titanium, although 
speciinens hav<’ been found coiftaining eousidt*rably more and con- 
siderably less than this amount. 'Che density falls with increase of 
tftauium, and the axial ratio a : c likewise falls, indicating an increase 
in the vertiejd axis, c. ^Tlns is well illustrated by the following data : — ® 


Vor oont. 

t 

DtMsiiy. 

Axial Ratio, 
a : r. 

V 



5 m 

,5(H1 

1 : 1 -8618 

21-58 

4-910 

1; 13716 

47 

‘ 1-852 

1 : 1 -3772 

49-68 ^ 

‘ 4-614 

, 1 : H379 

57-23 

c- 

r * - 

1; 1-3851 . 

• ‘ ‘ 


The formula for ilinenite may also be written as Feg 0 j.Ti 203 , and, 
on account*of the dihifultj^ of cUdermining thV state of oxidation of the 
titauiurft, jt is not easy to decide, from cheinical con^^iderations alone, 
which formftla Is coirect,* although the balance of cheihical evidence 
appears to supporf the formula FeO.TiO^.® The mineral crystallises, 
however, in. the rhombohcdral-tctarf^hedral division of Jhe hexagonal 

• c ^ 

1 Vogel, Jahresber,^ 1873, p. 291 ; Duparc aud Rubies, Anal Fis. Quim.^ 1913, XX, 367. 

^ Bezier, ilnn. Mines, 1^19, 4, 489; Seyms, Amet. J. Sci, 1876, X3, 210. For 
analyses see Stone, ZeilscK JirysU IMS, X 4 , ^1. " 

'Doby and Melofseit ZtHsck. Min., 1904, 39, 026; Su8t^bin8ky,«^6id., 1903, 
37 » 

Manohot and He£Ener, Ztiisch. anorn. Ckem., 1912, 74, 79. 

^Koenig and«Pf(^ten, Ber., 188^ aa, 1485. * 
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qrstem,- and th% axial Atio ia no case ‘ lies betveen that of hasniatite, 
Fe,0^. - 

•• *0: c=|l^: 1-859, 

^nd that of artificial«tiVuiium scsqui-oxidoi myiicly 

*■ , • % • a:c=l:l-8»6, 


as*it1iiight be expected to do if it were |in isomorphous mixture o# 
FcgOj.TijOa. This lends strong sup})ort*to tht' view that yie mineral 
is a titaftitc of ferrousV^)n, namely FeTiOg.^ • • 

t)l!lier varieties^ o# tfiis mineral are known as kil^elophane ^ and 
crichtonitO)^ containing about 30 pef (^^it. of titanium"; menaccanJte,^ 
hystasdte, and uddevallite, coidai^itig some 25, 15 to 20, tuidtlO*per 
cent* of titanium respectively. • * 

In Gcikielite, from Ceylon, part of fhe iron is replaced by mag- 
nesium, ^thus (Mg, Fe)O.Ti(\. * Density 3-97(). A^ial ratio," •• 

* * fl-: : 1-870. 


It is isomorplious witti senaite, (Fe, Mn, ^)) 0 .Ti 02 ," 'vhich is likewise 
hexagonal, |^av 1 ?ig axial ratios 


• * ,a .•c=l : 0-997. 

• • . * 

The cr^staljf lire black, thin cry?;tals showing a grc(‘nish colour by* 

transmitted light. 

Bixbyite, FcO.MtQg’ occurs as ^brilliant black, cubic" crystals, 
possessed of metallic lustre.® Tlu' composition of bixbyite miglit also 
be written as FcgOg.MngOg. If sii(*h were correct, howc-ver, the miner§l 
might be expected to crystallise in the hexagonal system, and belong to 
the hjcmatite group. • ' • 

Magnesio-ferrite or magno-fenite, MgO.Fc^Og, is a variety of magne- * 
titc in which the ferrous oxkh* has been •replaced bf nniLmcsu#.® It 
crystallises in regular oetahedra, anef resc niblt^s magnet ife in colour 
and general appearance. It is magnetic; hardness 0 tf#0-5 ; ck’ifkity • 
4-57 to 4-65. It has been found ^around t}^^^;fumarAle^* of Vesuvius. 
Hydrochloric acifl attacks it only with djlficulty, • . • 

In Ludwigite part of the magnesium oxide is replaf*ed by ferrous 
oxide, and boric oxide is associated ^fith tiie ferric oxide. Thus 
* (Mg, Fe) 0 .Fe 203 .B 2 t)g,*® or pcrhaps« 8 Mg 0 .^ 2^^3 ^ 


. * * * lliEMATlI’ES.* . ‘ 

The ha^madR‘s cohsist esserftially of ferric oxide, FcjOg, and may ‘be 
divided intef twc% grouffk Recording as they gire anhydrous, or contain 
• - • • • • 

* See the foregoinf table. • • 

* Penheld an^ Foote, Arner. S. »Vd„*1807, 14), 4 , l$S ;9Zeitsch.^ryM.*AIin., 1897, 

a8,696. • • 

* Bammebberg, Pogg. AnAden^ 1858, 104 , 497. 

* Uangnac, Ann. Chim. Phya., 1840, 14 ,^. « 

* FroA Mejpia<l^an ndhr Helston in ^rawali. Found as sand in a stream. ^ 

* SUatoohinsky, loc. cil. •* * 

^ Hnasak and Reiti^er, Zeiiach. Kryat. Min.^ 1903, 37 , 550; Hussak and Prior, Min* 

’Penfli^ and Foote, Amer. J. Sci., 1897, (4), 4 , 1J6. t , 

'BamnUbberg, l^ogg. rinnobn, 1859, Z 07 , 451. 

*^SoJia]tMr, dfter. «/. 1910, (4), 30 , IM; Mallard, BttU. Soe. Min.t 1888, iz, 31j9t 
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combined water. Tltp former are usualljfcred ill colour, •whence the word 
“haematites*’ from the Grdbk haima^ blood. ^ • The hydrateJj haematites 
yary in colour from red to dark blown, accordiag to the amount of 
waAr they contain. Perfectly pfti4 anhydrous ferric oxide contains 
70 per cent, of ison, but the red hicmatites in this country for 
corymereial purposes average^ more nearljf 60 per ernt. metal. TKe 
crystalline variety is known as specular iron ose, iron glance or l^kjng- 
^lass ore, and is obtaineci niainly from metamdrphic rocks, but also 
occurs ns<i product of volcanic heat — as, foi; example, in Italy, some 
very bcautifurcrystals l*c‘ing fftund in the neigii hour hood of Etniyand 
Vesuvius. Tl, ore is found yi France, Switzerfand,*and else^\1lerc in • 
Kiy'opc, luie specinu^ns having^ Ifegn Obtained from St Gothard. Thcg 
islancf ol^Flba “ has long been hfinous for its beautiful crystals, even 
Ovid ^16 a.c. to a.d. IS) dyiwing attention to them. Other stmrees 
are India, Canada, Mexico, and the Uniy^'d States of America. 

'flic crystals beWng to the hexagonal j^stem ; hardness 5 -,5 to 6 5; 
density 4-5 to 5-3. * . * ® 

• Micaceous Iron ore is tiie name gwen to crystfAliwe ferric oxide 
exhibiting a foliatt'd structure of dark grey scales that^listen like mica. 
No mica, however, is present^ in the ore. It is found an the Lake 
Superior district, U.S.A., but the lincst (wystals^eome from Elba. Prior 
to the Euro[)(hui war of lOA nftcac(‘ous ore was raised in Devonshire'^ 
and sent to Germany under the n*ame of shining on. Hardness C ; 
density ^*2. 

An oetalu'dral variety is kiifewn as martite^ ^It is black in colour, 
sometimes }f|)pearing bronzed, but it lias a nddish brown streak, which 
ficrves to distinguish it from magnetite, as also the fact that it is not 
magnetic, or at best only very feebly so. Hardness 6 to 7 ; di'iisity 
4*35 to 5'33. Martih'rfs ])robably a pseudomorph of magnetite - tjiat is, 
it may have heen di'iiveil from that miiu'ral by oxidation, without 
appif'ciabh' alteration <6' the crvstalline form. This change may be 
uffyeUxl in the laboratory by jirolonged heating of magnetite in the 
blowpipe.'* * ^ ^ , 

^ A hard, cbnipact, n«ihdar variehj’ of Invmatite is foynd in Cumberland 
in tfie carboy ib'nAis limestceu' series of Cleator Moor, in Furness in 
North Lancashire'^ and to a less (‘xtent in Devonshire, and from its 
shape is termeil kid^y ore^* The ore is very low in phosphorus, and is 
jpartieularly valuable for making SlesseiiK,*!* j)ig ir«m that is, pig iroif < 
suitable for the manufaelure pf steel by fhe i^eid Pessemer process. 
Tly; Furness ore appears to have been worked in prehistoric times^ 
t 'The colour of the We varies from. red to irun-blj^eji, wtd exhibits 
quite a metallic appearance. sVhen scrateijed- or powdered the colour 
becomes Bright reil. • The Priyham ore is ib>cd in the manufacture of 
paint/ • ^ ^ M ^ 

. Softer, eartliy fiwms of<fed Kiematite aroalso found in Cumberland, 
the colours of whieli vary from bright to duH re d.® They are known 
as ruddle or sometimes as puddle bre, as they are use^ for lining the 

i V 

‘ 'filie jeweller’s bUmiUtoHc is not hiematito, however, but a variety of chalcedony. 

* See H. Scott, J. Iron InsL, 1895, I., 141. * 

* See J. S. Martin , Mahltkcster Geoi Soc,, 1895, 23, 102; Worth, Trans. Ikvon 

A«oc., 1875, 7, 225: ^ 

t * J^edel, Bull. Soc. franc. Min., 1894, 17, 160. 

See J, L, Steel I^L, 1892, 1., 300. 
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hearths of puddlfng fUnilces, •Spain and America likewise^yield Il^e 
quantities ofieartl^ red haematite. , * • 

Immense deposits Vf a variety kSigwn as red foasU ore occur in the 
United States, containing from 80* to 50 p^er cf‘nt. of iron and from 
0-> to 0-7 of phos[>horuf. ochre is another fortn of anhydrous . 
ferric oxide, but thc*term is also used for a variety of*turgite. • 

Hasmatite ores, rich iif iron, are found in China.^ ^ 

The problem of the origin of the ha^ma/itts has been the subject of 
much discussion. The#v*ew is largely jidd that, in.tlje instance of 
Cutnlfeijand and I^anegshire, the hannatite has* gradually replaced the 
^alciuiu carljohate, molecule by nioU^Jule. This is sujifort(‘d by the 
^act that the ore and rook a})pear tm^have “grown together,” as the, 
miners express it, the ore gradaijly passing into the liniestDiitf and# 
possessing precisely similar ^tratifieati<)n.s^ and dip. Again, eact.s of 
mollusca and other fossils elmracteristie of carboniferous limogy^iie 
have becB. foui^l in the hafuatite, as well as crystals of lucmatite 
pseudomorphie w|^h caloite.^ ’It does not follow, however, that all 
hicmatites are ?iee(\ssaryy formfd in this \fay ; Io(‘al conditions must 
always be takenginto consideration. Admitting for the sake of argu- 
mQ^it the foregoing or metasomatie origin of the north-eoimtry hffma- 
tites, the ^lext point of*int«refit is to det 4 ,‘rmine how this molecular 
substitutidli emdd have taken place. , ThV formation of anhydrous ferric . 
oxide wc^dd ajipear to postulate an application of lieat in some way or 
other, and voleanie activity seems to i)e the most easy way which 
such heat might Ix-forllfeoming. It seems possible, then lore, that the 
carboniferous strata were overlain by ferruginous Permian and Triassic 
dejKisits. Waters, charged with ferrous iron in solution by passage* 
through tlu sc deposits, percolated through the ^limestone beneath, 
dissolviiiig out the ealeiuiu earbonat<‘ and leavifig ferrous carbonate. < 
This slowly oxidisi cl, and under the inllutneckol^heat yiekled anhydrous 
ferric oxidc.’^ . , • * 

Red lucmatite has been found at Torquay, apparently psgjdo* 
niorphic with pyrites, wiiich remarkable, fo 5 , altluMlgh pyrites is ' 
frequently oxidised to limonitc, it is*indecd rarefy tlpit it is convert^! 
into anhydrous lucmatite. It is suggcsle(f that pyrites vius converted 
<^into ferric chloride by the aedion of sea watey, and tJiaA this reacted with 
•lime.sffone to yield anhydrous ferric o;gde * in#i»ome %jch iflaimcr as that 
'indicated above. * • t 

- Chromitit^ occurs a« didU magnet iet;rysAls, resembling magnet iU*, • 
and hfls a mean composition represented by*the/orrnula FegOg.CrjQi.® 

As already slliteel,* hydrateef haema|it%8^ usually differ from tht* 
anhydrous in Toloiir. A.^ tjfe percentage of winter increases tjic colour 
changes from brigly: red to tUirk bro\'Wi. • Turgite,* or*hydro-h«ipatlte, 

^ A. Bordeaux gives a description of till} Clurarse mineM SB§urccii,'*TrafLf* Canadian 
Jfmn^/fMtUtOer 1913, i6f 351. ^ * • 

* See Ooodchild, Trans. Ourtwtrland A990%, 1882, Part vii., p. 110 ; Proc. OttA. Assoc., 
1889, II, 62; Kiml^ll, ‘Amer. J. Sci., 1891, (3), 42, 231; Shaw, Trans. Fed. Inst. JUin. 
Mng., 1892, 3, 586; Kend^, The Iron OrjgfS of^reat Britain and Ireland, 1893, p. 30^ 

* Compare de Launay, Compt. rend., 124, 689; Ann. Mines, 1897, 12, 178; 

Kimball, Amer. J. Set., 1891, 42, 231. , • 

« SoUy, Min. Mag., 1889, 9, 183. • 

* JovitsetdUeb, Bu^ Soc. fran^ Min., 1912, 35, 51b; MonaUh„*i9W, 30, 39. 

* a dftailed ituay of Ui5«e see Posojak and Merwin, Amer, J. Set., 1919, 47, 311. 

• ’ Sw Samoilof|(2^il^. prakt. Oeol., 1903, ii, 302) for an account of the taipte otvi# 
ofRuttia. * * 

vot* IX. f n. * 2 - 



18 iBojr AM) ti 8 comomm 

SFe,0,.H,0, is a c^mon ore which imtahs about S per cent of 
waterf' It ' pccurs as an earthy deposit freouently kn^wa. as tod 
hs^natite and as red ochre ; it is a Jo fouiid in Incompact, fibrous con- 
dition,’ and in botryoiSal tmd stalactitic forms, gimilar to Umonite, for 
, which ore it Jias frequently been mistajeen, *It may usually be dis- 
tinguished by its* redder eoltfur, its red streak, audits gteater hardness* 
Hardness 5 to 0 ; density 3-56 to 4-7. Wlien heated in a^ube it 
splinters in a characteristic* manner, which serves to distinguish it from 
Jirnonite dnd ores of aiiajjogous composiWon. o 

One of the most intportarit of the brown bacmi^ites is l^dnito^ 
2Fc203.8Hjj0,Vvhich eontains«so|pc per cent, of water. It is found* 
in« mammillary and stalactitic* fq»ns of various shades of brown. If 
«also W‘irs in eoneretionary form. ,The name *‘limonite” is derived 
from <,he Greek leimon, a meadow, and tras first used ^ to designate 
the bog ores (see below). • 

iamonite is fou^^l in relatively small quantity in the*Forest of Dean, 
where iron ores were worked in Roman •times. It i^ called brush ore, 
Ideally, when A; occurs in sfahKititie, ntiiform tr eompA*t masses, con- 
taining some 80 per cent, of ferric oxide or 56 percent, of metallic 
iron ; and smith ore when inciohcreut and containing only 54 to 58 per 
cent, of ferric oxide (38 to 'IJ per cent. Of irony * 

Fine varieties of earthy limonite, more or less (^optamiftated with 
clay, etc., are known as ochres, siennas, and umbers, the t*olour of 
the last^iamed being darker, probably on accofint of the presence of 
manganese. Ochres and umbcA are found in sfeveral parts of England, 
notably in Derbyshire, Oxfordshire, Devon, and Cornwall. The name 
timber is derived from Umbria, a town now known as Spoleto, in 
Italy, where umber^ was first obtained. Sienna likewise rcc(*ivcd its 
name from the Italian town of the same name. Turkey umbers are 
acknowledged -to be the fnest. They really come from (’yprus, but 
received their name through having been imported from Constantinople 
atta/ime wljt'ii their true origin was unknown. Siennas are found in 
the Harz, in^'fi*scauy„and in America.^* 

, Large deposits, of brown InemAtitc occur in Nortliamptonshirc, tlie 
beds extendiug into Lineolnshire and Oxfordshire. The ore is abundant 
in the U.S.A. • , 

A fibrous ifaricty of lintonitc i^ known as wood iron ore. o • 

0 Goethite, FcjO^^.IIgO, is named after thefamoustierman poet, Goethe, * 
who was also a mineralogfst of <i*onsidcrabJc* repute. It occurs as black 
or^irown rhombic cry^^tals, the parameters of which arc • 

• • I '' * * • • 

a: bi c=0‘66 : 1 *^1*089. ^ o 

The crystals are* usually blackish brown in coloi^r, but a^ppear red 
by tran^tt«i ligjitf, They yjeld a red sjreak ; hardness 5 to 5*5; 
density 4 0 to 4-44 

Goethite contains some 63 per «ent. of iron. It has been found in 
Somerset, Cornwall, and Gloucester, some very fine fty^talt Coming 
from'' Lost withiel in Cornwall. Oif ty Continent it has been found in 

' « • 

» 3y Hansmarm, ffandducA ifin., 1813, *= 

, » W. Watsor, n€ OeoloffisCiS58, i, 217, 286. ' , 0 

* C^attnfioation and analyses of oohroa are given by Gin, CbmpL rend* 
iShi*, 1396, aj, 12), 512.* For analyses of odiks, umbein, and aieiinaftsoo Harst» 
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numerou!! distri^ such ^ Saftony, Nassau, .etc. ,* whilst qi^ntities are 
present Jn ^.S.A# Other names for the ore are pyrrltonsklerite, and 
rabid^linuner. Acicufar varieties *afe known a§ ne^e iron stone |ind 
one^te, the latter oc^rjing in quartz in a ^miJnr niuaner to the pene- 
tiajting needles of riitile go frequently met with. Avehturinc oligoclase. 
or sunstone owes its beautiful internal reflfcti\ e powets to the presefice 
of crystals of haematite Ar Goothite. A velvety variety of Gocthite is • 
kno\^m as sammet-blende, from the German ^ammet, velvet. A variety 
of Goethi^e occurs as fiftii^red scales whi(Ji may be reet^iwsed under the 
mierbs^pe by thgir dieliroisni. This serves also to distinguish them 
* from haematite. Ldpidocrite is forai Goetliitc prewjnting a fibro- 
Valy structure. •« ^ • 

H;|^drogoethite, SFeaCg.^IIgO/lais been found in Russia ‘ iif thin re<? 
veins m limonite. Under tli^ microseope k is seen to consist of^trans- 
parent plates or needles, \vitl^.‘#distinet cleavage. •• 

Limnite,^ Bc^gOg.JillgO, and xantho-siderite, Ke 203 . 2 ll^ 0 , closely 
resemble limoniteip apJ)earanc^, bnt are usually slightly Ijghtcr in colour 
and contain mbre vvatc«. The*Tormer <iHiife is derived from the Greek 
limne, a inars}i,€aui(l tiie ores an* frecpiently termed bog or lake ore. 
They arc foifiid in different localities, <«ieh as Ireland, Sweden, and 
America. * They consist*of tK?pf)sits of ^ych*at(.‘d ferric o\ide, probably 
oxidised ffom«fe^rous salts and thrown out of solution by lowly organ^ 
isms.'* Rarge deposits of ehromiferous brown Inematite, containing 
about 2 per cent. ofehlOmium, oeenr in ^In eee * and in Cuba.® •Xantho- 
siderite also occurs in crystalline form as golden needles.'’’ ^ 

Laterite is a similar mineral, which is found in India, and eontainli 
varying quantities of iron and ahiminiuin hydroxides.’ / 

Minette is a brown hainatiti* found in Lnxengburg, Lorraine, and 
Rhinekmd. It consists of oolitic grains bound together by a cement * 
of chalk, clay, or silica, and may contain aitything fremt 0-5 to 2^ 0 per 
cent, of phosphorus.® Minette is therefore largely used in 43asic steel 
manufacture. Brown ha-matites also occur in Russia, "Polaiidy* mid 
China. Spain exports large qua*utiticjj of ha,‘ma^ik‘, whit<li*v^iry in colour 
from red in the almost anliydrous “ rubio ” ores to bsown.® • 

Esmeraldaite, FegOj.IIljO, occurs as pod-shujicd inclusions in 
limonite in Esmeralda Country, Nevada.* It is gtessy, brittle, and 
possesses a ycllowish-^broMii streak. ^ ^ 

• • • 

' ZemjaUcheffwky, Zeilsrl^ Krytt. Min., 1892, .v, 18lt Sainoiloll, Zi ilsch. Kryst. Min,t ^ 
1901.^,272. • • 

* Heraiiinn, J. prnkt. CAyn., 1842, 2^ 53; J. l>. ^ank, MfnerMjy, 1868, p. 178. 

® Mumford has fsolated .'u irtm bacillus from fridge waft>r Canal Tunnels, Woralcy, 
Lanes. It preciAtatesJiron oa & rgfxture of oxides corrcw|(>Dding to bog ore (J*roc. Ch€tn, 
8oe,, 1913, 29, 79). Sc» also Ellis, /ron Bacterim (Afeihuen, 1920) ; Kaumer, Zeita^. anal. 
Ohefn,t 1903, 42. 690; •/ron BacUaa, Harder, U.S. Geol. Survey, Professional Paper. 
Xo. 113, 1920. ' * • • . • r 

* H. K. Scott, J. Iron Steel I^t., 1913, 1., 447. * • 

* See D. A. Willey, Engineering Magazin4^ 1913, 44, 867 ; J. S. Cox, BuU. Amer. In$U 
Mining En^, 1911^. 199. etc. 

* Sehmra, Pfgy. Anntmn; 1861, 84, tf6. - * * 

’ ,The word kUerite is derived from the Ltliin later, a brick, since the mineral is often 
laed for building purpoe^fi. For analyses of Indian laterite ^ Warth, Q&A. Mag.,*l$^, * 
ift 154; Ckem. Newt^ 1903, 87, 256; Baner compares ^atcrite and bauxite, AL0..3H|0 

>8waaS>nMttor,J./n>»«<e<<;iu<.,1889,I.,U4; Waiide.l«ben,i6<i(., 1899,11., 65*. 

^ • See OilL Ipm i9<eef /fisf., 1882, L. 63. * 

' IhkW ead BuuiUer, Bntil Depl. OeoU, Unh. California, 1901, 2, 9f5. • 
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Many minerals ar€ knqwn in which ferric *oxide is* associated with 
other AetaJlk* oxides. Tlius Arizonite or ferric ^tjtaaite, PfejjOa.BTiOg, 
is a^ark, steel-^frcy miqcral found jiijArizona.^ 

Pluriibo-ferrite, (Pb, Feji^OO-Fe^O^, occurs jin *8 weden and elsewhere 
as hexagonal plah’s, in appearance like molybdqpite,^but yielding a pal« 
red»streak.^ * * . 

0 Cuprous ferrite, CuFe02 or Cu20.Fe203, 'occurs as the ifiineral 
delafossite in Arizona.^ It^yields tetragonal crystals, 

• • t ft?c=l : 1-94; • 

of hardness 5 - 5 ^ black, with llijick strpak, and non-hiagnetv3. 

• • 

CAUBON*ATES. 

• 

T^se consist essentially of fcTrous cafb^natc, FeCOg, the purest form 
of which is spathic i/on ore, which occurs both in the cryitalliikt; and the 
massive form. It is mined in Russia, * Poland, tln^ Ralkans, Styria 
(Austria), VVes{[)halia, and bthor parts ‘of Germany. phosphorus 
content is low, but a considerable quantity of manganese is present. 
It is usually of a light brown «)lour And is poss(.*ssed of a pearly lustnti. 

Styrian ore is obtained i)y ^quurryidg,* there being three* kinds of 
veins, each several yards in thickiwss, the richest of^whiclf contains 
some 45 [xr cent, of metallic iron. In 1918 the production of ore 
amountcid to 1,950,000 tons. R is estimated tl#it the reserve of rich 
ore exceeds *200 million tons. Jr is practically 'free from sulphur, con- 
tains 0 01 per cent, of phosphorus and ‘2 -23 per cent, of manganese.^ 

' Wh<ai crystalline, spathic ore is known asslderite or chalybite. The 
crystals belong to th^ hexagonal system 


. , , rt-=0-817>r), ' 

and forinwill lias yirldcil many fine i.|)ec'lmins.'’ 

•The theoretical percentage of metallic iron is 1*8 -3. Hardness 3 5 
to 4*5; dcp.vk?^' 3 7* to 3 9. It is bVown or grey in colour and 
le^^ves a white streak. Tf readily oxidises when wet, b(?<ng converted into 
limonitc. Sichrite from Fia?t Pool Mine, Cornwall, has been found 
containing cobalt,* nickel, jwid even indium and rubidium in small 
quantity.® • # ^ ^ * *• 

• The simthic ores of the Brendon Hills,*West Somerset ^ w'crc dt one * 
I time^w'orked largely for tfic manufacture of SpK‘geleisen, as they con- 

tlih^'d some 12 |xt CQut. of manganese, probably as carbonate, •since 
fdtrous and manganese carbonates arc isomorphousf^* The ore was 
worked in. early times, ptt haps by the RomStis! • * 

Staffordshire, AVtAt Yorksflirt* and S#uth \Vul(^, yield Ian argil- 
laceous iton ore, als(» kmnvn ajj clay, iron ^tone, which, contains some 
10 per cent, of clay and fA)m 30 to 40 per cqpt. of metallic iron. The 
Staffordshire ore has many local luwnes ; when found in concretionary 

’ Ipalmcr, J^er. J. Sci., 1909, (4), aS, 353. « * # * 

• Igelatrora, Jnhrb. Min., 1896, L, Ref. 11>; from Ocd. For. Fork., 1894, x6, 594. 

• j^gers, Amtr. J. 8ci., 1913, (4), 35, 290. 

• Nwel, Iron Age, 1914, 94, 4^. • 

• Hutohiiwon, Mag., 1903, 13, 209. , 

• Hartley and Ramage, Trane. Okem. Soc,, 1897, 71, 633. • « 

* * See Morgans^ TralM. S. Wales Jml. Eng., 1870, 6, 79: Quart /| 0^ Soc,, 180% 
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and globul|ff masses it is called sphaero-sidenite. 'It contains about 0-25 
per cent, or phosf>hof^, Qevelaiyl iron stone is one elf the 'lowest 
.grades of ore worked for iron in ibis country, p‘»nd contains aboul 38 
per cent, of nietallic*ir%n. It occurs in bands 'n tlie Middle Lias, the 4 
most important hand •bein|^ nearly ‘20 feet thiekT* Its phosnhoruj^ 
coi\tent is higft, averag^g 0 75 })er cent? The hluish-grceii cofmft* of 
the ore is due to ferrous silicate. . Traces <^f /.inc, gallium, nickel, andiu 
cobalt have been dctc^twl in the ore.' • ^ 

yndeT* the niicrosc^jpc the ore hai an lyjpi'arancc suggestive of 
, *ooliti(^ limestonef 'frOhi which it has \'ery probably lp.'(‘n formed by 
« molecular replacement of th(‘ caleiuifi tarbonate by fi ftous carbonate, 
through the infiltration of watcfs cRataining the latter in solutii^i.** 
Beneath the brown hiTnjatite^)rcs of Northamptonshire, 8 n impuA 
unaltered ferrous carbonate dejiosit oeenfti whii'h is bluish or gfeeuish- 
grey in ppj)earanee. The (k}Tth at which it li(‘s represents the^dlepth 
to whieh*w'eat 1 iering or oxidation of the ujiper hu^rs has occurred. 

A clay inyi .#one containing some 8.5 jxr cent, of iron has been 
worked from Ityman times, ii not eafliiT, in the AVeald of Siisst'X and 
Kent, charetial 8 x*ing used as the fin l. 

* In Lyilithgow and Lanarlj a clay iron stone oetmrs, impregnated 
wth son^t* 15 per cent, of'earbonaceous •matter. It if» also found in 
North Jtaffordihire and in Soutlr Wales, and is known as blackband 
iron stone. Tin* carbonaceous material present is often suflleient to 
allow the ore to be cjjeined without#the further addition of fuel. A 
product containing 50 to 70 per cent, of iron is yielded. • 

An ore. containing magnesium carbonate in th(‘ projiurtion repf^- 
sented by the formula ‘ 2 F<jCO.j.MgC'().„ is known as sldero-pleslte, and has 
beenjound at Salzburg and in Nova .Scotia.^ Pi 8 | 0 lne 8 ite, Fi C’Ojj.MgCOa, 
is found at .Salzburg and Piedmont ; and mesitite.' FcC().,. 2 MgCOo, * 
at I’icdmont. Ankerite is ‘iCaFOj.MgFO.j.VcFOg. * * * - 

• 

SULPHIDES. 

Iron pyrites, tyrite, marquisite, or njundlc is tbc num(* given b) a 
bras.s-coloured sulphide of iron to which the formula FeSj is usually 
^ ascribed. It often occurs in coal, and is known by*mipcrs us “ brass 
.• or “^fool’s gold.” *The spontaneotfs eomffiistioil^of coal is frequently 
facilitated by the oxidation of iron pyritesj^o iron sulphate.^ Itoftfii 
crystallises in cubes, ^hc taf'cs showing striations; but a very cjmrac-* 
tcristic form b tht; pentagonal dodecnhfiiron, usually tcrmedi^the 
pyritohedrop. * llardi^e^s fJ to 6-5; density Vs to 5 ‘i. It leaves a 
greenish ^or browtiish-black streak. ^ ^ ^ • 

Peruvian pyiites is calfbd stone of the Inc£», be cause the* ancient 
sovereigns of* Peni attributed great, virtjie* tb^it, flings* amulets, 

• • 

' See The, Geology 0/ xVorlA Cleveland , by Barrow (Mem. Gei^. Survey), 

JvrauiciRocks df BriUmn, by Fox-8trangwaya (Mem. Geol. Surv^), ^892, vol. i.f TAe 
Iron Ores of threat Britain^ by Dick (Meina Geol, Survey) ; alao Scrivenor, Mift. Mao,, 
1903, 13, 318. * ^ ' 

• Sorby, Proc. Pohftech. 80c. West Biding, 18S#-7, 3 , 400; Proc. Geol, 8oe., 

1S78-9, p. 50. • 

- • Lom8,*7Va)M. Ae» Zeal. I net., 1878^, 5, 50. • * • 

^ Bfei^anpt, Pogg. Annalen, 1827, 11 , 170; 1847, 70 , 148; Gibba, ihid., 1847* 71 , 
)560^ Bitting* A Well, 188 ^* 00 , 203. 

• ehTm VAlnmA iffT 
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mirrors^ ctc^ were ma’Ue of it. A centuiy ago iron pyrites jras u^ed in 
this country to a considerable extent^for feipinin^^rnjftnents.^ ' . 

i^yritcs occurs in rqeks of all agds, both eruptive and sedimentary;. 
In some cases it is (‘videntiy an original miiv^rtil, whilst in others ijt 
has been formed us a secondary product. ^ Lange quantities are found 
in Spain and arc* used in tlic manufacture sulphurfc acid, ferrous 
gsulphatc, and ferric oxide. ^ ** 

Iron pyrites is found in nfUsses in the “ twenty-inch ” coal seam of 
the Forest of 4)ffan, th^ masses being locally, called^ “ dogs*.” Jt is 
common in coal measures g(*iuTally, having proISahly * been forrfied by* 
the reducing action of organic matter on*waters charged with iron r 
sulphide in solution. Explosive p^tes is the name given to a variety 
df pyrites^found in C ork, which dccrc^ntatqi violently upon application 
of gcnflc heat. The decrepitation is due to the presence of carbon 
dioxkk under high pressures coidincd in hiimitc cavities in the mineral.^ 
Decrciiitation usually begins at about 30" to 35° C., aW it "fias been 
suggested that the exjilosions^ whieli soiiK^times occur i#; dpmestic grates 
may be due to the jircsenec in thv coal of this v^iety qf jiyrites. Fre- 
quently metals other than iron are associated with pyrifcs,/*bief among 
which are copper, nickel, (•ol)alf, tin, gok^, thallium, and silver.^ *' 

Wh(‘n oxidised by weatherings thr* linal pfoduT't of pyrites isjiydrated 
ferric oxide or rust, as stated above, btit the method of oxidation ^lepends 
upon eireumstanees. In the absence of earbem (hoxide or carbonates, 
it is usual* for oxidation to ferroiir sulphate to li^;sr take ])laee ; whence 
the miiKTal /‘opperas or melanterite (see Ix'low). This, in course of 
time, oxidises to limouite. In the jircsenee of carbon dioxide, however, 
it appears that the sulphate is not first formed, hut the readily oxidisahle 
carbonate, whieli is I ken converted into limonitc.'* 

^ The presence of pyrites in mineral >'eins is frequently betrayed by 
the buoVvn, rust^^ appearanet of the iqiper parts of the deposits. This 
is well exeiftp(ilied in the eas(' of certain copper lodes, the iron of the - 
coutaificd eoji^ier pyrites having hceonie converted into hydrated ferric 
oxide or rust. ' .^ueh Wi'vthered /.(v.ies are known as gozzam, and fre- - 
quently present a cavernous pr honeycombed appearance, due to the 
removal of pyritie material. In France the gozzan is tenru'd the 
chapeau de /er,^and in Gerntanv der riserne Hut, and an old a(iage 
states that ' if ^ * • , „ 

• “A J.odo that wears no iron hat , * 

Is never likely to be » 

Jitarcasite or white U^n pyrites is the name givew to n^homlttc variety 
of pyrites which occurs ni eoncK'tions, knowp Iwally as “i^airy balls 
and ” thunVlerbolts," , Its^erystidlographie clt^mcnts aVe* 

« ^ f. 

• • o * a %b: e=^0-7662 : 1 M -2342. . • 

* i. ‘ * 

The exterior of* the nodules is ^ften brov?nish, but when broken 
jpen they exhibit 'a radiating structure, usually pa[e yellow in^, colour, 

t * t. 

* S<ie OetMj by CMtellani, translated by Btogden (London, 1871). 

* Jdibuiit, TroM. Ohm, Sot: , 1885, 47 , 593. • 

* «r..W. Evans, Min. Mag., 190P, 12 , 371. See also We^ and Pesiroae, J. Ototeggi, 

$6« Riidfer, A Handbook to a ColUciion of the MinemU of the BritUk tkundo, IMS 
31.M.S.0,, Wymaiitd^dron). 



»THB idihllRAI^y dF*^RON. 

although j^ire mateasite is probably tin>ivhit£ in app^ran^.* It 
rapidly tamishesfaniljt isdiflkult^o keep a fracture bright for museum 
•purposes. Concretions of marcasitt axe found, in chalk and ip n^ny 
(^ys. Hardness 6 ; density 4*7 to -WS.* ^ ^ 

• • Owing to its jaggad ofttline inareasite is Ircquently known as 

coclQScmnb pyfltes and ^ear pyrites. ^ * * 

Gofialt-nickel pyrites, (Fe, Co, Ni)S 2 , has been found in Wcstphaliaii 
as small cubic crystals, stcel-grcy in colour, giving a gr^ish-black 
streak.* * Density 4 -7 ; .hardness 5 to 5 -St Irojg nickelpyrites, (Fe,Ni)S|, 
.*occurs?in Nor.way»*,ai1d in the Sudbury district, Ontario® 

» Pyrrhotite or magnetic pyrites,*' Fc^Sn^or SFcS.FcgSg. h slightly redder 
than ordinary pyrites, from wjiiclf,« however, it may be readily dis- 
tinguished, both on ueeount/)f its^nagnetic properties and bytts grcatA* 
softness. Hardness 3-5 to 4*5; density 4*4 to 4*7. It occurs in 
Cornwall, in the lavas of Vesvi^1lls, and in various other parts of KHSope ; 
in Canaefft and*thc U.S.A. Two varieties are known : namely a-pyrrho- 
tite, which is fhowibie ; and //^^yrrhotite, whieli is hexagonal. 

• Troilite, FeJ^ is bi^wnish m eolout, and occurs in nodules in most 
meteorites epntlining iron. Hardness 4 ; density 4-7 to 4-8.'^ 

• Gopp^ pyrites or chalcqpyrite, C\i 5 jS.Fe 2 S 3 , is a brass-coloured 
sulphide ivhich erystallfses fti the tetragonal system, butjs isomorphous 
with py/ites, sitiee its erystallographic elements arc ® 

f a: c \ : 0*9853. 

• • • 

It yields a greenish-black streak; hardness 3 5 to 4; d^^nsity 4*1 to 
4*3. It should contain some 34*0 per eeiit. of copper and 80*5 p<p* 
cent, of iron ; but the percentage of iron is frequently higher, due pro- 
bably to admixture of iron pyrites. Topper pyrites constitutes the 
most*important copper ore in Cornwall. It is round also in Scotland, * 
Sweden, and many other parts of Europe, tn AustraltaT and th(f IJ.S.A. 
Bamhardtite, 2 ('u 2 S,Fe 2 S 3 , resembles the previous ore \f\ Appearance, 
and receives its name from t|^ie place of its discovery, uamciy,»I^rn- 
hardt’s Land.® A varying mixlui;p of sulj)bi(Jes of liwu and copper 
is present in the mineral known varioujyy as enibescite, Bornite, and 
horseflesh ore. The name Bornite was given in honesjr of Ignatius 
vor^ Born, who had charge of the iiuncrAl eollcetioA in Vieima, It is 
not n happy namta however, sincf* it is^ablc^o be confused with 
boumonite,.a thio-antimonfte of copper an^jj lead. Its copper contei!t 
rang^ from 50 to 70 per cent., and its ifon from 6 to 20 per cent. JVhena 
fresh its fracture is jeddish lyown, bnt^it*taifiisht^ rapidly, yieMing 
peacock colgurs. Crystalline forms (oubie) oefur in Cornwall, chielfly 
at the C^rn Bre^ Tincron, and Co^k’j KitiMicn^ mines near Redruth. 

^ H. N. St«ke& U^S. GeoL Surtty^ No. 186, t^l^ ^ • 

' Th« cbemicaf constitution of maroauBito is dilousseif on p. 1 44 . The sunace character! 
nf pyrites and marcasiie, as examined through the microscope, &re described by Pdscbl, 
Z^ttek Min,, 1011, 48 , 572. • 

^ JWn., 1914, p. 129. 

• Vogt, Zehsek KryH. Min,, 1895, % 4 , 

^ * T. L. Walker, Amif. J, Sci,, 1894, (3), 47, 312. ^ ; 

® Bee Bnnthanpt^ prati. Ohem., 1835, 4 . 265 ; Rammeltberg, Pogg. AnnaUtit fSBI. 
ta<.437> • 

SOmaigiter. K. Akii. Wiu. Wit^ 1863, ( 2 ). 47 T 283 ; Smith, AtiUr, J, 

m ■, .«<». oum, nit., isw, 17, as. 

i , • Mar, irtsfiTw., 180^^3.217. 

tvx- Asotc/. *<.. loss. H ; im a*, 



U mOI» AND ITS COMPOUNDS.* * 

Hardness density 44 to 5-5. ite usually accepted formula, 
CuaFeSg, wa% based on analyses of pornisk crystals, *but tne Canadian 
mineral ^ corresponds more closelytt# Cu 5 FeS 4 . 

In this connection it is interesting to aotfc that Roman coins 
•and other hrony.c objects which were 1:hrown iato certain thermal 
sprhigs as votive* )fferings and have since* beep examined are found to 
thave become partially converted into various sulphides of copper, 
including ehaleopyritc and c^ubeseite. ^ ^ 

A double siriphide of yopper^nd iron known as Chalmersitet CuEcjSg. 
occurs in the ore deposits of the Prince of VVal^s S<^und, AlaslAi,* ana < 
in small quanflties in Ilra/il.\ ft i;* massive, pale yellow in colour,# 
and Ji^rongly magnetic, which lalPter jjroperty enables it to be readily 
ficparate(f from the copper pyrites witli whn*h it is intimately associated. 
DensitV 4*04 to 4 08. The crystals are rhombic, 

•• : h : r--=0-5734 : 1 :t)-9649, , ,• 


and isomorphoys with c*o])[>er glance. ^ , 

Gubanite, CuS.Ft'gSg, is a bnmze-eoloured mftieral found ^ in Cuba, 
whence its name. Hardness 4, density 4 0 to 4-2.^ • , 

A black variety of blende* occurring in Cornwall^ and ilsewhcrt?, 
is known as mormatite,’ and Jias the eofni^oSition corresponding to 
4ZnS.FeS. . • * ^ 

Pentlandite, a doubh' sulphide of iron and nickel approximating to 
2FeS,NiS^ occurs as cubic, bryiv/c-coloured crystals in Argvdlshire, 
Inveraray, and Cornwall. Hardness 8*5 to 1. ; density 4 0. 

Arsenical pyrites * or mispickel, FeS^.FeAsg, containing 8 1 t)er cent, 
of iron, occurs in rhombic crystals, with frequcait twiiming, and of the 
following parameters^ — 

^ : 6 : e=F7588 : I : 1*4793. 

'It is a grejumineral ; hardness 5*5 to 0 ; density 0 to 0*4. It is found 
in Pqyon an^ Cornwall (where it is w'ork(‘d on a small scale), Silesia, 
Norway, Swec(g«i, and* U.S.A., and cohstitutes an important source 
of. arsenic. If egbalt' *is also present the minefal is known as 
^aucodote.^ tWhen struck ^ath a hammer, mispickel possesses the 
characteristic odour of arsenic and is hence* known by Cornish mipers 
as arsenical mirtidic <iir sirnjrfy as arsenic. The ore readily oxidises, and • 



ssdbiyted mtfi troilitc. 'it polfcse 
metallic liyitrc, is black ia colour, but not niighetic. • Density 5*0. 


151. *See also analygeB«by Kraus and 


' Harring^n, Amer, J^ScL, 1903, (4), i6. 

Qoldsberg, m4, (4^ 37, * 

* Johnston, Econ. ^ol., 1917, 12, 519. • 

• Hnssak, Centr. Min., 1906, p. 332 ; 190C, p. 69. 

* Broiihaupt^ JPcffg. Annakn, 1843, 59, 325. • • • 

» Sthhidhaaer, Pog^. A nnaien, 1846, 286: Schneider, J. prakt CMm., 1^96, (2),52, 61^5. 

' • ^uroh» Ch€m, Boe., 1866, 19, 130; Collins, Min. Mag., 1879, 3, 91. 

* Uonasinganlt, Pogg. ilitwalefi, 1829, 17, 399. . * 

• SeeanalytMandoiTstallograpHostue^ by Soberer, ifii».,1893,3l»354* 

♦ Brelthanpt and Ptattner, Po^ ^nnaien, 1849, 77, 187 ; Breithanpt, J. Chenu, 

, 1SS5, 4. 80U8. See also JBletoW, jf«n. Mag,, 1904, 14, 54. ‘ " 

Breithaont, H'AtUn-fiaanniicka Zeiiung, 1866, ?S, 167. 

' J, Ifc J. Pci, I8f6, 13, 100 ; 1878, 16, 270. * 



. ' TH|! MUnEBALOGT OF* IRON- £S 

-• m 

■MIS^ELL’ANaOUS .MINBIRALS CONTAINING ^RON. 

• § • . • 

Copperas or melaiitfrite» FCSO4.7H2O, occurs iu nature as the result # 
Kthc oxidation of^pyry;os (jt niareasite.^ It yields ^rfeenish, nionoelinic 
Crystals, of liardness 2, ami density when pun* f S.32. A rhoftiTi)ic 
va^ict^r of the he])tahydrate is known as tauHscJte. Heat decompose# 
the heptahydrates, yieldinjr at 200'" tt) ^50^ ('. tJie nuynohydratc, 
FcS04.ll2^» found in it^ifuroas ferropalladlte,^ and at hi^h temperatures, 

• fcrile oxide. , COppems is isomorphous with i^oothite, (S1SO4.7JI1O, and 
with pisanite,* (Fe, Cu)SO,.7H2Q, whi^ft latter oeeiirs*in California as 
' blue, transparent crystals. Coj)pefas has also been found as a^blftish 
jyree^i crust on linionite in Carintbia.^ Its density is 1 -S to f*95. Tlfe, 
^isomorphism of tiu se minerfils is evident firom th(‘ folUnnn^r dati 
• * a .h-.c 

M^bmtefite . 11828 : 1 ; 1 -Sm 75° H'. 

Pisanitc ^ . 11070 : 1 : 1 -5105 . 75‘' 80'. 

Boothite .• *. I •l(t22 *1 : 1*5000 71° 24'. 

• 

^11 these minerals lose 0 molecules of waiter at 200° to 250° C, 

Salvartorite, FeS04^Cui^()\.21Il20, appi'ars to be a dimorphous 
varii'ty <ff pisanite.^ A ferric sulpinde, Fe2(S04)3.9ll2(), o(‘eurring in 
hexapfonal prisftis in Coquimbo is known as Coquimbite.*' It is white 
to yellowish brown i# colour. Janosite ^ is a f!fr(*enish yellow elUores- 
eenee oeeurrinj^r in Hifti^yary, and jio’fsessed of the same eomjMisition. 

It crystallises in rhombic plates. The deeahydrate, F(‘2(^O4)3.10H,O, 
occui's as monoelinie crystals in quenstedtite. Ferronatrite (see p. 102^, 
Na3Fc(S04)j.8ll20, occurs as a ^rreeiiish-white mir^Tal in Chili.® 

Flalotrichite ^ or ferrous alum, FeS04.Al2(S04)3.211l20, occurs in* 
several localities, including' Persia, wliere il is tised b> the natives for 
making? ink. In Baluchistan it occurs as a wlytc iidioresarncc on de- 
composed slate, and is used for dyein^(, its local mum* khaghal.^^ 

It has recently been found iii*Klba in librous qiHsses,#^hite or faintly * 
blue in colour, aiiii possessed of a silVy lustn . * 1)en^ity 1 *00 ; hardi^ss 
2-5. Analysis shows a slight delicit of wifter due to partial! dehydration 
in dry air.^* , • 

€ther sulphates are copiapite,^^ 8Fe2Q3.8S(^.274IJO ; amaran- 

Fe2O3.2SO3.7H2O ; fibroferrite,'^' FC2O3.2SO3.10II2O ; caatanlte^ 

^ Scharizer, ZetUfch. Kry/tl, 1903, 37 , 5^. • • 

* ^Haani, Conipt. rend., 1859, 48 , 807. • * • 1 ^ 

* Leitmeier, C’oMt. Mir^, 1917, p. 321. 8w a]Bo*Hom, /hner, J. Sci., 1914, (4), 37, *40, 

* Sohaller, Bull. Dept. Oeoi. Ti%iv, Crt0/ornia,*l903, 3^191. 

‘ Hertz^Za4«cA. /ryat Jf in. ,*1896, 26 , 16* • ^ , * 

* Rose, Pogg. AtiTi^ien, 183.3, zf, 310. * 

^ Bockh aira Bipnszt, Ab«tr. Chem. 8oc^ 1905, ii. 536. • • • • 

* Mackintosh, .4mcf. J. Sci„ f889, 38 , 244. • * . 

* Rammekiberg, Pogg. AnnSlen, 1 ^ 8 , 43 u 399 : Clark, Amer. J. 8ci., 1884, 28 , 24. 

Hooper, J. AaiaUc Soc. Bengal, 1903, 72 , 236. 

Mill^Yi^,t4Ui R^Accad. £/tflc«i^916. (5), 24 , ii. 501. • 

Smith, Amer. J. Sei., 1854, 18 , ^Su^aaasse, Jahrb. Min., 1913, I., R^. S 86 ; 
DaraiMiky, JeRirb. 3fm.. 1890, z, 62 ; Mackintosh, Amer. J. Sci., 1889, 38 , 242 : Schadzer. 
ZeiM<^. Krgit. Min., im, 52 , 372. ^ , 

>**Fomii|a given by Wirth and Bakke, Zeilach.^anorg. Chem,, AM, 87 , 12. Sea 
alw> 181.^ 

aUbriou to its red colour (Mackintoeb, A pier. J. Set., 1888, 38 ^ 242)t. ^ • 

i Rose, Pogg* Appolen, 1#33, 27 , 316 ; Prideanx, Phil. Mag,, 1841^ 397 ; Haaiftei 
MMeik Brgd. Min., 19U, 49 ^ 202. » Danipdky, Jahrb. MJli., 1890, 2 , 261’ 
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Fe,o,.aso,.^0: 

Pp!;o Fe./s0AI2H,0 ; planoferrite,* F«sO,.Sft.lSH,U , papo^ 
2Fe^3 .Ssbo.iofl-O. Iron associaifeA with tellurium occurs as dur^-* 
Ite ‘’Fc.Oa.sTeOj.lHjO, in Honduras, and as enantoislte m Colorado. 

■ . Bhabdlte is a'frystallinc phosphide of^iron»app»oximating in con^ 
nosi^ to (Ni, Fe)3P. It is found in meWontfs m the fcrm of {nii^te 
letrafironal prisms.’ Density 6*8 to 6*8. , 

Vlvianlte,* Fo,(P04)j.8H,0, occurs as moiyiqjinic crystals, isomor- 
phous with crytifUc, Ca.IAsOJlj.SHjO, and parhaps also wilh apna- 
bergitc, Ni3(As^4)s-8n30. Its,pry^stallographic cRnv^hts are 
• , o : i : c=0 -7489 : 1*^0-7017. ^=75° 84'. 

Some*»pccimcns obtained from Cornwall «rc beautifully crystallised, 
possessing a pale, bluish grefn tint. Osiers arc nodular deep blue m 
eoloifr* pulv(wlent,.and sometimes enclose crystals of darje brown 
colour, which exhibit a reddish hue by rejlccted light, fioth \hc green 
and the brown spi^eimens yi<jld the sanui results upotfaivdysis, so that 
their difterence in , colour is most probably due to a difference m the 
degree of oxidation of a small portion of the iron. Th? crystals offer a 
vc^ perfect cleavage parallel to the climi-pmacoid. Ihc pur# minerW 
is proliably colourless, the tihts usually observed being dije tp some of 
the iron becoming oxidised. The 'density ranges fr«m 2-6, to 2’7. 
Some C0<ld crystals have yielded the value of 2-5IJ7." 

The mineral was discovered by Vivian, in Cornwall, whenee its name. 
An earthy variety found in pent mosses is known as blue iron earu. 

• In paravivlanite, from Russia,*" part of t'jc jron 

manganese and magnesium, thus (Fc, Mn.Mg^l 04)3.81130. Kerts- 
cheirite, (Fc, Mn, MglaFc303.P303.7ll30, likewise found in Russia, 

occurs #s very <lprk green cr^ystals. i' \ /pn 1 all n i* 

Ttftnanije,^^ the sani^ miiuTal as anapaite, (Ca, te)a(r04)2.411aU, 
occurs in pale ^rocnisfi crystalline masses. j j* i i. 

• An anhvdtoiLs mixed phosphate of manganese, calcium, and divalent 
iron occurs a.t<trraftonfte» (Fo,Mn,Ca)3(PO.,)3, which pcciirs as salmon- 
cofoured, monjiclinre crysluls,*lie crystallographic elements ot which are 

« ; » : c=0-886 ; 1 : 0-582. ^=66°. 

• Triphylllte. Li (Fe, Mn)P04, occurs as light greiSi, rhombic crystals, * 
, which become dark tlirou^ oxWation.** 

• Dirf»Mky, Zeitach. Krgtt. Min., 1898, 29 , 213. 

‘ D»»p«li», Jdhrb- I*®®- f > **• . 

• Mtel)nuad!zS^. 1887^ ^2, 492 ; Pofc. Coioraio Soc., 1886, 2, L 20 ; 

4*«r.J'.S«..1904(4).i8,m 


Ohmn 1870. aa. 260 

♦ Katawr, M%fu iittt., 1897, 16, oOi. ^ 

»• 1906, p. 

v“ 8.^sa»»^£: Sr!: 
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Llldlan^te k |t green hydrated formi of fbirous phosp^te found in 
Cornwall * and elsewhore. On heating it disintegrates into bluish green 
plates^ in contradistinction to vivithifte which tutiis wliitc and exfolAtes 
i|nder similar tteatmAitl ^ • . 

‘ Ferric phosjjhatt; ocrtirs in nature as phoepho-sideQlle, 4FeP04.7y/),' 
andat^^te, FeP04.2li20. •Possibly these two minerals are the same.* 
A basic ferric pliosphatc, known Dufrenite,^ Feg(0n)3.(P04)»* 
is found rhombic <yy^tals, chirk green in colour, and napmed after 
JDuf5i6noy, the F/ench snincralogist. Ifardueis 3-5 to *4 ; density 8*2 
• to 8 * 4 .* A ferric iJluxs||^hate, FcjOq.PoOi.^^IjjO or FePO|gtHjO, occurs in 
% monoclinic heedles as Koninckite*in jlfelgium.^ , 

Beraunite ® is FePOi.2Fe2(PO J(rfll)3.4ll20, and oeeiirs reddish 
brown monoelinie crystals. • Chil^enite ^ is a hvdratt‘d phospliatc of 
iron and alnminiuin with a little inanganes<‘. It erystallis(‘s in vellow 
or browy rhoinbio prisms. • When more maiigiuiese is present® the 
mineral is* ealk?l eophoephorite.^ * 

Ldlingite, KeA^ 2 * o<^*urs in Saxony and J^orway in rlfoinbie crystals. 
Hardness 5 to ^-5 ; density 0 8 to 8*^'. (Jnyish in colour, it gives a 
greyish black streak. When heat%'(l in lyi opei^ tube a white su})limate 
of arseniciiis oxide or “white ars<‘nie ” is obtained ; in the absc'nee of 
air metallic ayicnie is volatilised to a dark sublimate. • 

Leucppyrite,«FcAs.FeAs 2 , resembles the previous mineral in appear- 
ance, Iiardness, and (l(|^isity. ^ 

Berthierite,® FcS.Sbg'^.j, occurs iit* elongated rhonihic ))risms of 
density 4 to 4 -8 ; hardness 2 to ;j. It has a steely appearant'e. Heated 
in air, oxides of sulphur and antimony arc* evolved. It is readilyt 
soluble in hydrochloric; acid, evolving hydrogen suh)hide 

Scorodite,® FeAs0,.2ll20, occurs as pah- gr<*en or brown rhombic 
crystals of density 8 1 to 8 8; hardness 3^5 to 4. Jt.owcs itfi name 
(Greek skorodon^ garlic) to the fact that, wlfen heated, it^einit^ the 
characteristic odour of arsenic. It occurs in Cornwall, and in a reac^ly 
oxidisable form as a deposit, from certain geysers •Yellowstone 
Park,'® U.S.A. \ hydrated arsenate of iron atiA aluminiilm is known 
as Liskeardite." • * ^ * 

A basic arsenate, 2FeAsO,|.Fe(OII)3.5lLO, is kne^wn as iron sinter, 

, or phannacx)-8iderite in consequence of tjic pojjonou* character of 
arsenjp (Greek phartmikon pejison). It crystallises m small, green cubi^ 
crystals, for wdiieh rcaspn i^is also know^ as sube ore.** 

A^hydrated arsenate of iron and calcium from Yukon is tetaed 
Yiikonite. Its gjnqHxsition approximates to ** (C| 3 ,FeJ)AsjO(j. 2 Fe(On) 3 . 
5H|0. It is brownish olacljt resinous, aifd ameyphous. Density c, 2 '€5. 

^ Maskel^e and ^ght, J. CMht. Soc., 1871? 24, 1; FukuchV Btiir. Min,' Japan, 
1912, No. 4, i92i , * Brufahs and^Busz, Zeitsch. Hrystt Min,, 1690, «/, 5A5. 

• Kinch and Butler, Min. Ma^., 1887, 7, 66 ; Kinchpibid,, 18<9,8, 112. 

* Ceakro, Amer. J, Sci., 188dt 29. 342. 

• Streng, Jahrb. Min., 1881, 1, 102; Wber^, Proc. U,S. National Museum, 1914, 47, 801. 

• ChurJi, J,.09em. Sip;., 1873, 26, 103 ; L6vy, Brandes J,, 1823, x6,274 ; DrogmaiL 

ifajr., 1915, 17, 193. ^ ,• 

’ and Dana, Amer, J. Sei,, 1878, 16, 36 ; Drugman, loe. cit, 

* BerCitiMr, Ann. Chilk. Pirns., 1827, 35, 361 ; Pogg. AnnSlen, 1827, zz, 478. 

* Boumon, Phil. Trans., 1^1, p. 191 ; Damour, A^. Chim. 1844, zo, 4lik 

Hagne,%i»«r. J. An., 1887, (3). 34. m. • 

IbiakeRme, Nature, 1878, z 8 , 4M ; FUgbi, Trans. Chem. 8ac^ 1883 , 43 , 140. , f 

; S# W. l>hi^ 8oe., 1811. 1 , 23; Ruttey, Min. J«v.,18W;,i3. inl. ■; 

iiiMbK-P, -SaGAluin, Ttant. Biy. See. Oaaaia, 1(18. (3), 7 , f 4. 



28 JROIT AND ITS COMPOUJIBS.' ; 

Fcirous^ntimonatc, 2Fe0.Sb205 or FeSbOg, is found i% the cinna* 
bar gravels of Tripuhy, and is terrified Tripuhyt#^ It is dull, greenish 
yellliw in colour, [losi^ssing a crihliry -yellow streak. When heated, 
antimony oxide wiporises, Raving ferric oxide^^iind. * Density 5 ’S 2 ^ 
D^rbylite is ferr(;^ns antirnonate associated ^ith Hita^ate, 2 FeSbOo. 
5 F(Ti(\. It crystallises in the rhombic sJ^ste^^l, its elements br^ngk^ 

a :h: c ==^)-9(j612 : 1 : 0'.55025. 

It is black in colour, with a resftrous lustre. * , • 

An ortho-si|icate of iron, termed fayalite or irotf oUvlne, Jb'e2JMU4, 
wi^ first found on Fayal Islanfl ii^tlfe Azores. It had crystallised in' 
UvbulRr riiombs of Fe2^i04, very ?imjUr to the ferrous silicate present 
in C(Tt#in slags.'* The axial ratios * are • • 

• • a: b : c - OAdOOO : f :,()-5S112. 

It is cpiite possible that it was simply m him]) of ^ag from a ship’s 
ballast. Fayafite has also b^r n l/)imd at^Rockja^-t.'''* • 

Olivine, Fe-^SiOi | tiMg-^SiOj, is a variable mixture of ferrous and 
tnagnesium ortho-silicates, ()live grcCn in colour, and of (tensity aboiit 
8-8 to 8 ' 5 . It is a common constituent bf rock*;. • 

Anthophyllite, or magnesium in^n metasilicat(\ (Mg, Fc)Jf)03, crys- 
tallis(‘s in the rhombic system. A jnire iron anthophyllite. FeSiOg, has 
been fouiul at Uoekport, but is rare.® It is white to light brown in 
colour. * • 

Sodium * ferric nu'tasilicate is found as acmite’ or aegirite,® 
Na2Fe2(Si03)|. Its crystals are blackish green in <*olour, and poss(^ss 
the following erystaHographie elements:—® 

a:b: e J'llOtt : 1 : OGOta. 13 .- 78 '’ 27 '. 

u 0 . . r- 

Ilydrut'.'d l'(,'ri'i<' nictusilicatcs arc found as Miillerite, I'VjO^.aSiO,. 

and ^hontronite, Fe203..8Si0.2.5n./).^' 

Astrolite,^ jAl, Fe),Fe(Na, Kl^tSiOyX’.IL^O, a metasilicate of ahi- 
mjniuin, iron, and,alkjfli* metals, obciirs in Saxony as small spherical 
balls, with racially tibrous stfueture. 

Glauconite, tin* gia'cn coystituent of many rocks, if pure, would be 
represented b)^ the JrirmuUi KFe{5i03).2.Il20, that is. })otassium flTricy* 
Kietasilicatc.*'* • * • 

Cronstedtite occurs in* Cornwall, nssofiated*with vivTanite. It is 
als'^'^met with in association with Hisingerite in acicular needles in 

I « • ^ - 

^ Httssak and Prior, Min, Mng., 1897, ii, 302. 

• Hussatfand Prior, iVO. . „ 

• Gmelin, Pogg. AtlnaUn, 1840, 51, 160 ; Hidden ^d Maekinttah, .dtMW. y, Sci., 1891, 

41, 439. *00 r c , • , • 

• Soellner, ZtiUch, 191 f, 49 , 138. 

• Warren, Amtr. J. Sci., 1903, (4), x6, 337 ; Pentield a&d Forbes, ibid., 1896, (4), x, 129 ; 

IStiUch. Krjfti, Min,, 1896, 26, 143. ** 

• Warren, Amtr. J, Sci., 1903, (4), x6, 337. 0 ® 

’ I Greek 4irju4» a point, referring to the si^arp i)oint8 of the crystals. 

• ^Xiffir was the loelandio Neptune. 

" • Fidaohe and Warren, A^met. J. Set., 1911, (4), 3 X, 533.. 

ISambonini, Zeit^X Kryst. Min,, 1899, 33, 157. 

» See Kov4f, ib\d., 1899, 31* 623. 

c *• H^xMsch, Oentr. Min., 1904, p, 108. * 

Gltoka, SkUMih. Kryti. Jtf<n.,Jl898, 30 , 390; Clarke, Monograph tif.S. Cfeol, 
1003,43.243, . 
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cavities in iron pyrites. * Its ftsual structure is fibrous and radiating, 
and it . consists tssentially of ferrous silicate and hyrfatccf ferric 
oxide.t . • • . • 

Hisingerite iike\vi%L* jccurs in Corn wall., as dj*rk brown, amorphous, 
rli^iform masses. Its hjrdn<«iss is 2*75, and densiTy 1-74. Ih yields a. 
conchoidal fracture and leav/\s a rust-brown streak.^ •Its com posit lufi * 
app!*o3tfi mates to Fe 203 . 2 Si 02 .‘ 2 ll 20 . # 

Other silicates are pinguite,^ 2Fe.>O3.0Si(f5j.3lLO | jIIoO; hoeferite»* 

2 Fe203.46i02.7ll20, “ , “ . . * 

• Numerous^ oti^T .‘iheates are known in w^iieh iron is one of the 
’^constituent, metals.* As a souret; of knifl they are all nseless for com- 
mercial puri)oses, since the percenlaj^ of the metal is low. ^ • 

Wolframite, (Fe, Mn)\VO„ i^ a black mineral associated ^ith cassf^ 
terite in Cornwall and clscwlicre. It yields monoclinie crystalff which 
may be distiiij^uished by tjifir lustre and perfect sin^rle cleaK^^l^t‘* 
IIardness*#5 *5 ; • (lei)sity 7 •3.'* *. 

Feiritungstite JV203.\\'03.flIl20, an alt( i*alion product of Wolframite, 
is a pale ochre, ‘which uHdcT thelnicrosccpt* fs seen to consist of hexa^nmal 
plates.^ • 

• Ferrous chloride is prcsi nt in rihneite,*FcC'l2.*‘lFCl.NaC’l. which occurs 
in lar^c, tcnticuhir masses in beds of i;ock salt at Wolkpimshauscn in 
the llarz,^an4 jls a kieserite-rinneik' rock in llanovar.'^ It crystallises 
in the h^xagomu system, and when a hot, saturated solution is allowed 
to cool, potassium clilfiridc s(‘paratcs oyt. • 

Douglasite,^ Fe('l2.‘/KC1.2ll2(), o(‘curs in tin' Stassbp't dc|M>SitH, 
associated with earnallite. Density 2 10. 

Ferric chloride has been fouml as a brown incrustation on lava, 
particularly in the nei<,dd)o\irhood of Vesuvius, dt is {}»en known as 
molysite, Fe(’l3. In cond)ination with alkali clTlorides, ferric chloride 
is found as kremersite," K( l.NJI,(’l.F('Cl.jril/). am^ f)rythrosl1^erile, 
2KCl.FeC'l3.1l20, both nnnerals beinj^ found in ndnute ijuantilies in the 
neighbourhood of Vesuvius. * . • • 

Lagonite is an oehre-eolour^d iiun-ustation coiisistin^rf>J iron borate, 
Fc203.3ll20j.3ll2(l It occurs as an incnistation ty lagoons in Tuscany*^” 
A natural nitride of iron has been fouiuf in the lava of* Etna, as the 
mineral siderazoteT.’^ • • 

•• for the sake of easy refen nee, die fore/?oing %iinerals are given in 
the fft’compijnying tables, thgelher with tly;ir chemical composition^ 
and more important physi(?ak charaeterRtics. , 

• • ^ 

* Steinmann, J., 1821, *32, ftO : MAkelync*and Flight, ./. ('hem, A'oe., 

1871, 24, 1. • • ♦ 

* Church. J, 1870,^3. .3. • » * • * 

* Church, loc. cit . ; yiarke, Amerfj. Hd., 1887, 34, 133. * 

* Katzer, I 89 ^)!i 4 . 4 aS. • • • 

* Analyses are given by Wherr^, /Voc. (J.H. Mvseur^, 1914, 47, 501. 

* Schaller, Amer. J. Sd., 1911, (4), 32, 161. 

’ fioeke, 1908,32, 1228; Jahm Min., 1911, l.,48; Rinnc and Koll), Cett<r. 

Min., 191 P, p. J37T Schfleider {Centr. if m., 1909, p. 503) found a higher «odiura cljioride 
oontcntr but this appears to have lieen t<Ahc mechanically admixed salt. 

* Precht, Ber., 1881, 13, 2328. 

* Kremers, Pogg. Annalent 1861, 84, 79. 

Beohi, Amer. J. 8 ci., 1864, 17 , 129. 

“ Silvestff, Pogg. Annakn, 1870, 157, 166, 



IB0N«MD lift oompodsds. 


Hard- 
• nesB.*^ 


Composition. ^ { Density, 

• S^ale. 


l^markf. 


Aoiuite 
i^girite 
Amarantito . 
Anapaite . 
Ankorite 
Anthophyllite 
Argillaci^us iron ( 
Amojiite c 
Arsenic ® 

Arsenical miAdic 
Arsenical iwrites 
Afltrolite . 
Awaruite 
Bamhardtito 


Berthlerite . 

Bixbyite 
Blackband . 

Blue iron earth . 

Bog ore 

Bomite *. 

Botryogen . ^ 

Brusli ore . 
Oaatdhite . 
Chalcopyritt' 
C^almersito 

Ohalyblte . « . 

Childrenito * . • 

Chfome (Veil ore . < 

Chroinite . , 

Ohroiui^te . 

Chromoforrite 
Clay iron stone . 
Cleveland iron stone 
Cpbalt>niokel pyrites 
Cktf ksoomb pyntos 
OoWite •. 
Copiapit!l^ . 

Chopper pyritas . 
OoppWM If 

Coq^nimldte 
Qiiohtonite . «. 

OronaMtite . • 

D^bmlite 

IMa{QS«lie^ 
Dfti^ylite , 
DiUMMCnatite 
PotigMta . 
Dun^ta . 


Na 2 rog( 8 i 08 )^ 

Fp,03.2S0j. 7H20* 
FeCa2{P0A,.4H20 « 
2CaC03.MgC03.FeC03 
l;Mg. Fo)S.O, 0 , 

8 ee Clay iron stone* c 
FejOa.aTiO^ ^ 

FoSj. Fe As^ c 

(Fe,Al,Na,K)Si03.1ra0 
Allo^ of Fe and Ni 


3-5-3'6 6-6*6 Monoolinic. 

2*0 ^2*J Triclinic. 

t green. 

2*9-3 3-6^ H^kagonal. 

5*6-6 3* 1-3*2 flhomb'ic. 

C «! 

,4*25 6*6 

6-6*4 6*6-6 Rhombic. 


Fer(V 2 Fe 3 {FO,)(OH),. 

c 4H3(). 

FeS.Sb^Sa 

FeO.MnOa 

Carbonaceous Fef.'Oj « 
Fartliy variety of vivianite 
Hydra led FoaOj 
Sulphides of Fe and Cu 
Fssontially ferric sulphate 
Variety of limonite 
Fea() 3 . 2 S() 3 . 8 H/) 

Si'o Co[»per pyrites 
CuFcjINj^ 

vSao Spathic 01 % 

Hydrated juiosphate of Fe 
and AT 
See Chromite 

« 

See^Chnimite 
, I Impure FeCOj * 

Variefj^ of clay iron stoi®! 
(Fe,Co, Ni)Sj 
Variety of mfrcosita 
(Fe, Co, Ni)aC 
3Bb,0,.88U,,271i,0 
CU 3 S.F 09 , , 

FoS04,7H3a 
F^S^),.9H,0 • • 

' *4Fea JireA^iOj-AHjO 
CuS,Fe^, ^ 

See Iron sinter • 

FeS.Cr,S, 

CuFeO, *• 

2FeSbO,^FeTiO. 

f^OU)JPO, 

.IV|0*.3Te0,.4H,0 


4r4*3 2-3 

4*96‘ 6-6*6 


4*4r)*6 a*3 

2 0-21 2-2*5 


4-4*7 3*5 j 

3* 1-3*2 4*6^6 

4*5-46 0*5 

31 . . 


? rhombic. „ 

Vtl-li per cdnt. Ni. 
liljissive. Bronze yellow. 

Conchoidal fracture. 
Mcijoclinic. 

Rhombic. ^ •* 

Cubic. 


Brown, earthy. 

("ubic, also massive. 
Monoclinic. 

Stalactitic and reniform. 
Monoclinic. 

Rhombic and massive. Pale 
yellow. * 


Cubic. 

Ctbic. Magnetic, like mag- 
netite. 

Earthy. 30-40 pei^nt. Fe. 
, About 33 per cenb Fe. • * 


4-7* 5-6*5 

6*97^ 6*6^ 

.2*1 2r4 

4 1 - 4*3 3 6-4 
1*83 • 2 

2 ^ 2 - 2*6 
4 * 7 - 44 ^ 

* 3 * 3 - 3 * 4 . 3*6 

4 - 4*2 * 4 


6*6 

4*63 6 

6*79 6*5-66 

2*16 

i 3 *M *4 3 * 5-4 
2 - 3*6 


About 33 per cenb Fe. • * 
Cubic. * • 

t 

Cubic. ^ 

Monoolinic. 

Tetragonal, 

Mpnoellbio. 

Hexagonal. • 
iAiout 30 per cent Ti. 
AciotAar needles. 

Cubic. 

Massive, blfik Non- 
magneiio. 

Tetra^nal. 

Jfthon^ic. 

Cnbio. 

Monoolinic^ * 
Bhombio. . 

Gieenioh yellow, 


• Hwd. 

* t)ompoSitioD. Density. jj**;^*| 


Rem«rkf|i 


Emmonsite* 

Eophosphorite 

Erabesoite . • 

Erythfodldent^ 

fi^meralOttite 

Fity»Ute 

Ferritnngstito 

Ferronatnto 

Kibroferriw 

I 

Franklinite . , 
(Jeikielite . • 

Gl&uoodote . 
Goothito 
Graflonite , 
Halotrichite 
Hiungorite . ^ 
Hoc'forite . 
Horse-flosh ore • 
Hydrogoethita 
^ Hydrohematite 
Hystatite . 
llmenite 
Iron glance. 

Iron, native 
Iron olivine 
Iron pyrites 
Iron sintei*. 
Janosite 
Joeephinite . 

* Kamosite . 
Kibdeiophane 
^Kidney ore . 
Koninokite . 
Kremeraite . 
Lagonite 
Lake or^ . 
Lltbrite ,r. 
l^epidooriit . 
Leuoopyrite 
Limnite ^ . 
limonite . 
LUkeardite . 

^ Lodeetoie . • 

Ldlingite . 
Look^-glass ore 
. Ladlainite . 

* Lndwigiie . 


Bfagnelte pyritM 
' Jt^ofecrite 


. Hydrated feme tellurite 
. Variety of childrenite 
richer in Mn 
Jfee llornile 
ri^Cl.FeCl,.H,() 
FeA-4H,() , 

See Iron olivine * ^ 

j KeA WGa.OH.O , • 

I NajPef 804)3. 3HjO • 

I F03O3.2SO3.101 i,O 

I « 

Sf^c Zincite • 
(Mg.FelO.TRL 
(I^), FoIAhS 
Fe,03.4r,() • 

.(Fe, Mn,Ca) 3 (P 04^3 
FeS04.Alj(804)3.24Il3l) 
Fu 3 O 3 . 281 O 2 . 2 Hjg 
2Fe20,.48iUj.fHj() 

S('o llomite , 

* 3FejOa.4H3() 

81*0 T^gitc 

FeTiOj , I 

FeO.TiO, 

8 ue Specular ore 
I'V 

Fo 28 i ()4 
See P^rituH 

2FeA804.Fe(0H)8.5H,U 

F02(S04).v9H20 

Alloy of Fo and Ni 
Alloy of Fe and Ni 
FeTio, 

Ve,(\ 

I^P04.3H,0 
KaNH 4 a.FeCI 3 .H 2 O 
FejOj.SBjOj.aHjO 
SiH* Bog oro 

Siinj^r to limnite • 
j Fibro-scaly go^hite 
FoAs.F^Abj • 

Fe,0,.3Hj0 
2Fe,0j,3H,0 , 

^ nydrat^'d ar^natc of Fc 
«and A1 • 

See Magnetito - • 

FtAa, , 

• See Spocular^re • 
7Fe0.2P,CL.9H,0 
(Fo,Mg)O.Fe,08.B,0, « 

, MgaFe,0, 

4F(}&Fe3S4 4^ 0 

• 

F6,D4 

See Magneeioferrite 

FeS. 

FeS.4Zn8 


J> :i-2 4 I 1- 3 


7 3-7S 4-5 


I 2 S 3 # r» 

|2-5l-2ei5^2-2-5 


I T monoolinic. 
Hhonibio. 


Ited, rhombic orystols. 

( ' 01 # black, vitreous. 

? hexagonal. § * 

Hexagonal? 

Straw-yellow Ifbrcs. Silky 
lustre. 

• a ^ 

Hexagonal. 

Rhombic. 

Rhombic. 

Monoclinio. 

Mono- or tri-clinic, fibrous. 
Dark brown, massive. 

Gif op, earthy. 


1. '5 -2(1 i>er cint. Ti. 
Hexagiyial. 

(Hibic • 

Rhombic. 

Cubic. 

lihsmbio. • 

72 pur cepi. Ni.® 

7 per aent. Ni. 

About <0 per cetft.*Ti. 
Rcftijo{^, massive. 
^Monoclinic. ^ 

Cubic. 

Brown incrustation. 


3 1 • 
.39-4 
4-.57-4-65 
4‘4^4-7 3 


Bight brown, oarf^. 
Brown, earthy. * w 
White, massive. $tructurd 
fibrous. , 


Monoclinic. 

Hbombio. 

Cubic. , 

Two vtuietiea, jietagniuirt 
and rhombic. 

I Cubic. 


Rhc^nbic. 

] Cubic. 

Pro 
of 



IRON. AND IW COMPOUiJdS. • 


Composition. ^ | Density. 


Hard- , • . . 

“X- 

S^ala. » 


Moi^tcrito . 
Menaocanite 
Mesitite , 

Micaceous iron ore 


Minette 
Mispiok^l . 
Molysito t 
Munliic . ^ 

Needle iron Itono 
Nontronito . 
Ookre. 
Octihbehite 
Olivine 
Onegito 
Paoite 
Pentlandib' 
Pharmaoo-sidont 
Phosphosidorite 
Pinguite 
Pisanite 
Pistomesite . 
Planoferrito ‘ 
Plum bo- ferrite 
Puddle ort' , 
PyrKes 

Pyrrho-sidorite 
I^rrhotiU . 
^enstodtite 
Red fosHil oro 
Red hfeniaUte 


Rhabdite 
Rinneite 
Roemerito . 
Rubinglimimr 
RucKllo 

l^mmet-bleudo 
^orodite' . 
S«ainit»'v - . 
Shining ore . 
SidoTaxote . , 

Sideiite . c 
Sidero-ohrome 
Sidero-plesite 
^ienna 

Smith orot. . 
Stiuetite 
Spathic ore . 
Spear pyrites 
Speonlar iron ore 
Sphnro-eiderite . 


, tSciCi Copperas 
8ce Ilinenit<5 c 

FoC()3.2MgC()3 • 3*3-3-4 

. 1^0, , « 5*2 

U hydrated FojjOg e ^ 

See Arsenical pyritfts ^ * 

Fet.’lg < 

See I’y rites « 

Sec (jioethito , . / 

Fe3()3.3Si()3.r)H,,() ?-16 

Vari<ity of limonito . i 

Alloy of Fc and Ni 
Fe^Si04.M}j;jjSi()4 3*lf-3-6 

Set' Coetliite * c C . 

FeS4.4FeA8j ()-3 

2FeS.NiS ^ . 4-6 

See Iron sinter 

2FeP04.7h30 , 2-70 

2Fe2()8.GSi()a.Aq. . 2-73 

(Fe,('u)S(V7H20 1-96 

Fe(^(),,MgCOa 3-4 

FeatVSOj.irilljO o 
(Pb, Fe,('u)0.Fe..()3 
Ft'aOa 

FeSj 4'8-6'2 

See (b)cthite 

Set' yiagnet ie iiyrites 

Fo, (804)3. lOIljO 2-1 

- KcjOj ^ , 

Ooncric name for auh. 

Ft'jOj. Alsu given to 
turgite 

('•See 'i’crgite and Fed 
Jiicmatite ‘ 

. (Ni,Fe)3P ■ fl'3-C'8 

. FeC32.3KCl.NaCl 

Fe%04.Fej(804V12H,0 2-2 

. See doethitt^o i 

. FC2O3 . .• 

. Velvety variety of Coethitc ., • 

. FeA804.2H20 3-1-3-3 

. (Fe,MnyPb)l).i;iU, ,4-8 

. Micacedus iron ore, 

. Fo^N^ , 

. See Spathic ore . 

! See Dfrronhte c ” ... 

. 2FeCO,.MgC63 3*6-3-7 

. Fe,0,.Aq 

. Variety of limonito 4, ^ 

. Alloy of Fe and Ni • 8*2 

. FeOO* 3*7-3*9 

. Variety of m^roasito 

,f FRjO, ^ 4-6-5*3 

. Variety of clay iron stone 

^ FeP04.2H,0 2-7-2*8 


?16 

. i 


3*:f-3*6 

6*5 7 

c 

j 

6*3 


4*6 

3*6-4 

i'io 

3*75 

2*73 

1 

1*96 


3*4 

* ( 

tt * 

4*8-62 

0-6*6 

2*1 

2*6 


3*5-4 Hexagonal. 
j6r Foliated varfiity of specular 

f .^on. c " • 


Brown incrustation. 

An acicular variety. 
Yellow, earthy. 
Yellow, earthy. 

60 pdf oent. Ni. 
^lombic. 

An ac'tcular variety, 
llh^nibic. 


Yellow gre^ii, earthy. 
Modoelinic. • 
Hexagonal. 

Rhombic. 

Hexagonal. 

Red, earthy. 


Red, earthy. 


Tetragonal. 

. . Hexagonal. 
3-3*5 Tiiclinic. 

. . ^ Red, earthy. 

3*6-4 Rhombic. 


H^agonal. 

A^vonshire variety. * 
Xhin boating on lava, 
Non-cryatalline. 


. . Hexagonal. 

An earthy variety of Umo- 
^ nitp conti^ng Mn. 

76 per cent. Ni. 

3*&-4'£i . Hexagonal. 


|5*5*^6‘5 Hexagonal; 

I . . Conoretioilvy* 
Rhomhio. * 
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Tscnite 
TauriRoite . 
Titanic iron 


Trynihitf .* . 

Troilite t » 

Turgito 

Uddovalite^ 

Umber 
Vivianito . 

White iron Jiyrif^ps 
Wolframite . 

Wo(k 1 iron ore 
Xantho-Bidcnte . 
Yukonite 


Coni ion. 


Alloy of Fe and Ni 
FeStVTH/) 

FeTiOj • • 

l.i(F.‘, 

FeS 


Hurd- 

I • IVniiilv . 



I V’ 

i 3 -.IS 
i .'eSL* 


. ; 2Fe.()a H.O • A-tt H.-d. e 

. I FeTiOa * • * -t S I . . About 

. I lo'.Oa-Aq . . . Hark 1 

. : Fe'lPOJ^.Sfljt), • 2U 2 7 ir»2 Monoc 

.4 See MaieaMtc • • 

(Fe, Mn)\V(>4 0 7 3 bo Monoe 

m linionitij Fibroii 

Fe,(),‘2n./> * 2 7 2 A Aeii ul 

fCa3,'Fe.)AK/)« 2Fei()H)3 2 <>A .. Dark, 

Ail.i) • 

. (Mil, Fe)().lM‘.(b, • A.") 2 Ao-dA (’ul)i5. 


43 }H'r cent. Ni. t 

Klioiubic. 

A -A Hexnjioniil.* 

> . . Kfioinbic. 

^elljav. 

4 Mii.M*ve, FoHRibly hex 

gonal • 

A-<t Ib il. earthy^ • 

Al)out 70 per c^it. Ti. 
Uark brown, eaithy. 

. A 2 Monoclinie •• 


Aei( ular. 

Dark, resinous, inaaHive. 


Other Sources of It shotild lie iiKulioiud tluit iron i%a minor 

conslitiKiil in an indt liidic nunilxT of olln r inim'rals and rocks, Tims, 
it is present in small quantities m serpentine, biotite, Yiornblehile, 
(garnets, etc. Indei’d. tin' mean |)ereentaires <il’ t’errons and I’errie oxides* 
in liritish and .\ineriean iifneons rocks lia\(* been^ealeu'ated to be as 
follow^ - ’ • * ‘ 

4 e,(>3. ^ i<’eO. 

liritish rocks .... S 2 i()^ • 

AnuTiean rocks . . . 2 0.'j* it :irt 

. • . •• • 

so that the total amount oi iron d^strilmtcd t|^rou^di(ti*t .the i/^neous 

rocks of till! world Ts very cunsiderablc. ^ • • 

Further, the brown and red eohmrs of soil, clay, and ifandstone are 
due to iron ; ^ sea, sprin^^^ and riwr waters •contain dissolved 
•iron compounds ; am^ the metal also (tilers int^i the flPnima? and vegetable 
organftm, bcipg an essential (*onstitiient of ha^noglobin and ehloro]diylI,* 
Spectroscopic cxarninafion hf*light froni^lie sun and many hx(d st^rs,” * 
reveafti the presence of iron, thus showii^ tha* tin* nutal is widely 
diffusilid throijphrtit tin- nniv.erse. • • 

• • • . • 

* Harker.^^rt/. Moiu, 1X09, 6. 22t. * • 

* On the ferruginous colouring nmttcrh of sods sec Spring, ^c. Tmt^ (Jh^pf, 1898, 17, 

202. • • • • . • 

* Lockyer, Proc. Roy. Soc., 1807, 61, 148, 213. 

• 
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ClUt’TKU III. 

PREPARATION AND PRORERTIES OF PURE IRON. 

• • " 

€ 

Preparation.' 1, One of tho earliest m(ftJiods of obtainin^^ a pure iron 
consists in redueivf^ ferrous ehloride by heating in •Jin atmosphere 
of hydrogen.’ TIk' iron is de})osit(‘d iif the form cubic crystals of 
microsco])ic size. * • • tr * 

2. Keduction of iron oxidis carbonate, or oxalati* in a current of 
hydrogen resulls in the hirination of a v^ery pure iron. 'Hie reactiorkiis 
fairly raj)id aMJOO ' C., but higher ti mpefatures are more idlieftiit, whilst 
at lower temperatures tlie product usually contamin^tAl \fith ferrous 
oxide (sec p. 100). 

0. may be reduced fro|n its salts by mt'ans of zinc. Thus at 
high temperatures ferrous chloride is reduced *by zinc vajiour,^ whilst 
aqueous solutions of ferrous salts are reduced by metallic zinc at their 
Mjoiling-points,'’ yielding finely divided iron. 

4. An t'xceptioiudly pure form of n'duced iron has been obtained by 

Lambert and Thomson * by reduction of pure, colourless crystals of 
ferric^’ uiitrate.’^' The eryst.ds were first converted into oxide or basic 
nitrate by ignition ia an iridium boat.” The whole was then intro- 
duci^d into p silica tube and heated in an electric resistance furnace 
to just abov;c,H)()()'^ CV in a current of Jiure hydrogen gas, obtained by 
the electrolysis of Ji)arium hydroxide solution. '• 

5. Ekctroiijtic Iron.— Irod may be obtained in a high state of purity 
by electrolysing a mixed s^ilution containing 20 per cent, of ferrous 
sulphate (cah^datei^ as IieS()4.7l^20) and 5 per cent, of magn&ium® 

<^ulphate (MgSOj.Tf IjO). Some 25 grams Of sodium hydrojfcn carbonate 
are^^added to every 0 litres ot the solutiofi, \v4iereby a skin of ferric 
hy/lroxido forms don the surface of the bath and protects the liquidt from 
oxidation. A jincipKate settles to tlic bottiihi aiM is allowed to 
remain undisturbed. An anode of wrought iron .is Anployed, the 
cathode being imule of coppih-, fninly sikrered and ^iodised, •and main- 
tained iA rotation, Tint best results virc obtained with 4 current density 
of 0*8 ampere ])er*sq. dedlmctrc of cathode,^ and a temperature of 15® 

’ Peligot, rend., 1844, 19 , 670. 

•tpoiunarede, Campt. rend., 1849, 29 , 518. t 

’ Capitainc, Compt. rend., 1839, 9 , 737 Davis, Chem. News, 1874, 30 , 292. 

* Lambert and J. C. Thomson, Trans. Chem. Sor., 1910, 97 , •2426. 

** Prepared as indicated on pc 177. ^ 

• Rionards (ProcJ* Amer. Ac^d., 1900, 263) prepared pure iron ia a aodaewliai 

aailogoQS maimer, bu| used vessels of platinum instead of irimum. He stater tbat his 
bxm mTariably otgitained traces of platinum and that a tn^ of this metal i^mained alter , 
diasolvinf thcriro^ in acid. * 
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to 18® C. Jfhe bath is kept continuously at •wort, and 20 to 23 grains 
of carbonate are add«<4 every three or four days. * 

Both the magnesium sulnhatc mud tJie sodiiun hydrogen earboimte 
appear to be essential oonst^tueiits of the •bath, aiul^lhe g(H)d quality 
oi*the metal is attiibut^d to the small eoncentnition of hydrogen ions* 
which prevents* the dej)o^ited iron from contaiiting oeTliided hydrojfbu.' 

Numerous attempts have been made^to prepart' iron by tlie* 
electrolysis of ferrous jhlorith', but with tliis salt an elevated tempera- 
ture^is e?seutial for go^tl rt siilts. nam(4y, 00''^ to 70^0 The current 
,^ensitf at tlx* eift^ode should not exeped O t amperjf jier sq. dcci» 
metre, aTul* the quality of the«dgit)s4t is inijuoved oy rotation of 
the cathode.'^ , • • * 

According to Noyes, tl)e mtnimum potential requiretf for the 
electrolysis of an atpieous solution of a ferrous salt at 20'^' t\ is O ut) volt, 
when electrodes of eleetrolytk'^iron are employed.'*^ This value ftiik by 
0*007 volf per flegrt t* rist' in tem]>erature up to 110*^ C., when it attains 
a minimum. *Fu«kU^ rise in^ temperature necessitates an increased 
voltage. • 

Ilieks anil 6’Sliea'‘ reeomnupd the ('h'etrolysis of a 5 per cent, 
sdlution §f ferrous chloride* tjj which *nnmonium chloride has been 
added in ^dlieii'iit quantity to (‘stablisUthe ratio • 

• * tVCIj : Nl‘l ,('!=- 1 : 2. 

Any ferric chloride prcsunt is reduced lif ferrous l)y sluikiiif; witfi reduced 
iron. A thin eo[)j)('r plate serves as cathode, is cleaned* with dilute 
nitric acid, rubbed with cotton-wool ;ind sand, and hnally washed witl^ 
potassium evanidf* and then with wat(T. Swedish iron constitutes the 
anode^ and is placed in a porous cell to ))!*( veyt^tlie sjiongy cai4)on, 
which normally separates from the metal, from reaching the cirthode. 
The sulphur in the metal passes into solutum As sulplmte, and requires 
removal at intervals with the anode li(|iior. AVurrent wf 8*08 to 0*2 
ampere per sq. decimetre of .cathode surface is reepinfncndcdf the 
voltage being 0*7.^ The iron contcnl of the batM shoula*nt)t fall below 
the equivalent of about t pe r cent, of ferro*is chloride? • 

Skrabal ^ obtained a very pure iron by electrolysis of a solution of 
, fcrrws ammonium oxalate, the metal b(‘iifg deposited (gi a cathode of 
platiryjm foil. The«Iectrody thus i8*eparca*was nT)w used as anode ii^ 
an acidified solution oj’ fei;rous sulphat^, an*E.M.F. of 0*4 volt being 
employed, the cathode agaifi consisting of platinum foil. The metal 
thus obtained w^ white and (Ty^tallinc ; it dissolved Slowly in warned, 
dilute sulphuiic acid, L aving no residue* and evolving a pure, odourless 
hydrogen.. To pfevent o!cidatioii of yie b5th,*the electrolysis was 
carried out in ai? atmospl^icre of carbon dioxide, and the. cathode 
separated from •the anode by mcafls of a po 4 )us dfaphragm. * Excellent 
• 

‘ Maximowitech, Zcitach. Ekklrochem,, ii, 52 ; Ryss and Biigomolny, ibid,, 1906, 
X 2 , 697. fenz ele*trolytw»d a solution of ferrous and inagne«ium sulphaU*^ in 1870, using 
magneaium carUbnato to maint^n neutrnlity. • His metal waa not very satisfactory ;ibeing 
obtained as a hard, grey deposit containing* a considerable quantity of occluded gises, 
mainly hydrogen, nitrogfli, and oxides of carbon {Bull. Soc. thim., 1870, (2), 13 , 651)., 

• %yss and Bogomomy, loc, cil . ; Pfaff, Ztilseh. EleHrochetn., 1910, 16 , 217. 

• Noyes, Womft. rtnd., 1919, 169 , 971. • * • 

• fiUoks and O’Shea, Electrician, 1895, p. 843 ; Chem. Zenir., 1896, 1., 293. 

^ ^ Skrabal, Ber., 1902, 35 , 3404. See aits aadlA, Trane.'Ame^ JSUetrockem. 
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results were ai.so obtained^ with ferrou* ammonium sulpJjate. With 
this salt a (Concentration of 70 grams of {he h<^h3fdrate (NH 4 ) 2 S 04 . 
FciiKJt.alLjO per litre* is reeomnicJided, ^ with a maximum cathode 
current density o[ 0-5 amjKirc pe r S(|. deeijnotr^, working at a tempera- 
■tur(.‘ of 15" to 18° C,,^ or not less ihau* 26 -granv? per litre, with *a 
cathodic current density of 0-2 to ()-65 ampere per sq.* decimetre,., the 
'^surface of the bath b(‘ing protected from oxitfation by a layer Sf solid 
paraflin, a, stirrer being einploj^ed, and the wrou^ht-iron anodes (‘iiclosed 
in linen bags ‘or a s^iturated .solution, witk a current dlmsity of 
1 amp(‘r(* at 7\cidili(‘({ solutions of ferrcj^is ^sulphate ha’S^e been*, 

used under various eonditions,*tlfc^ befit results being obtained, accord- 
ing t(* Pfaff, with a eurrent densfty o^2 amperes per sq. dc’cimetre at 
ihe (a{thf)de, a ti iujx raturc' of 70° Cl, and, a concentration of at, least 
two (‘(piivalents of ferrous ^sulphate ))er litre and O-Ol equivalent of 
siiljiilKiric acid/* ^ *, 

Kleetrolylie iroiT deposited from solution at ordinary pressures and 
tempiTatuns is a})t to be ajimixed witl^* ferric hvdii#xule, and to con- 
tain hydrogen and carbon. The last-named ^element is commonly 
derived from the oxalatt s or tartrates in the baths, wlu^n these are used, 
and as the result (if transfer ^from the^anodes. The carhop may be 
free, combined as (‘arbide, or |v-esent as oVeluded C‘arbon monoxide or 
dioxide. * , *“ 

Kleetrolylie iron is freipniitly brittle, a property that is usually 
attributc^d to oeeluded hydrogeuf’ but there are probably other auxiliary 
causes.^ 

„ Iron has also birn obtaiiu'd from solutions of its salts in organic 
solvents by electrolysis bdvveen ]datinum electrodes. A solution of 
terric ehloriih' in methyl chloride conducts eleetri(‘ity well, and may be 
used tor the purpose.' Ih’odueed in this way, however, the nfetal is 
particular! V liable to be roiltaminatc'd with carbon. 

Electrd-df position ' of Iron on Copper.- l)( j)osits of iron are fre- 
qitbinly iqqdied to engraved (‘op[>er plates to hanhn their surfaces 
and thus ineceii^' theii<iife for })riid ing purposes. Various solutions are 
recomnuaided for •! his purp()se. A simple oiu' " yielding good results 
coirsists of ^ 

* »• 

Ferroii.s'^amm^)niunv.sulphaV‘ . . 1 lb. or 100 grams.® 

♦ WatiT . ^ , ..1 gallihi „ I litre.* 

Tiu^# solution must be perfectly neutrM* for” use. Another pseful 
mixture contains fta’ij)us chloride am^ ammonium ^loride in mole- 
cular proijortions to the extent Of 50 to GO grams per litre, <)r 

‘ Skrabal, ZeiUch.^tHeUrochew., Ilf04,^o, 749. 

• Rysswv^i U^umolnM Uh'. ctt. 

® Amlwrg, Zeaiich. 19(W, 14, 526. c 

• Pfaff, Ik, cit.i A. Midler, MciuUygie, 1909, 6, ^4.'>; Burgess and Hambuechen, 
Ehcirochem. Ind.^ 1904, 2 , 184 ; Klein, dull. Soc, Encourag. Industrie nat,, 1868, 

15. 286. . c • 

• Pfaff, loc. cit. ; Lee, IHssertaiion, Dresden, d 906. ® 

• See Kremann and Breyiiioaser, Monat^,, 1917, 38, 369, etc. 

’ See CouUon, Trans, Aerier. EUctrochem, Soc., 1917, 32 , 238 : Quillet, J. Iron 8 ted 
iJM*.,- 1914, II., 66. 

• W. E. HugheSs d. Iron Steel Jhisl,, 1920, 1., 321. 

• Timmermane, Bull 80 c, chim, Belg., 1906, 20 , 306. 

% Archibald a«d Kguet, Trans. Boy. Soc, Canada, IQHjlS, (3), xi, 10 
See SkeihpUtting, Barolay aiid Hainaworth (Arnold, 
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FeCl2.2NH4Cl. . * . i lb., • of 50 prams# 

• \\^ter * • 4 ‘ 1 gallon, „ 1 litre.** 

This works well with a current dcnsfrj^of 0 15 to 0 1 7 iimporo per sq. (t‘ci- 
metrr, the initial density beiag 0*2 anij)ere Until i thii* deposit has been 
o\)taincd on the catluxit. Voltage 0*7. The anode*^ should consist, of 
pure Swedish charcoal .irod. These Ix'come covered with a black 
Ciirbunaceous slime after a tinuN and rcxyiii^' cleaning. It is desirable* 
that the^iiiodic area s^opld somewhat exeeed ttiat of the ealhodi*. 

^ tlectro-depo^tion of Copper on Irdh.- It4s freqih nMy desirable to 
protect iron by cotdjnj it siq)erlieially wi^li copper. Tli^ following bath 

is recomrnehded^ for the (‘lectro-dei^isirton of this nudal upon iron 

• • 
Coppi*r sul])hate • • ♦ (>0 grams. < 

• Sodium hydroxide • . . . ^ . 50 ,, 

Sodium potassium ta»trate . . 150 ,, 

•JVates . V . lOf^O „ 

with a cathode dta^silv of O f to 0 5 ampere pe r s(j. d(‘eimetre aiid an 
anode density liot e^c'eding Vot am^)eres. As this bath evolves no 
dmig(‘rous fumet, it is preferai)le to eyanidt* baths. 

• Physical Woi)erties of Pure Compact Iron.— The properties of iron 
are affeeud to suc*h a renuPi’ka.l)h‘ aiu^ unicpie exte nt by the })res{!ncc 
of small quaittikies of alloying i leuKids, chief amongst which is carbon, 
that the?e [jlu nomem^aia* an important study in themselves. It is not 
intended in this section, therefore, to ^eal with tlu' })hysieal properties 
of any commereial iron other than the clu'inieally ])un jpul comjaujt 
metal. For a discussion of the |)h\sieal and metallurgical prop(‘rti(*8 
of various tyjx s ol‘ eommer<*ial iriui and its allo\s, the reader is relVrrcct 
to Part III. <tl’ tliis volume. Pure iron is a whit# nu tal whi(*h cipi be 
readily niaeliim-d in a lathe, and even cut with ?l knifes It crystallises 
according to the cubic syste'in,^ l)ut e*r\ sta+s ^re* rare*, fhe metal^being 
usually massive. Dendritic crystals may be oirfained artit^ially with 
branches parallel to the cubic axe s,'* Shock ap]>ar' nUy assisi:* or 
induces crystallisation in irem.'** ^ ^ • 

Pure iron, prefiareal by reducing f(*rrous ehlorida with hydrogen rfit 
temperatures iq) to abeait 800 ' (\, usually sejiarate s in simdl hexahedra, 
althemgh it sometimes yieleis rhombic dotleealiedra^and tetrakishexa- 
••licdra.^’ The meclu^iieal propertie‘j#e)f the«ineliviflual crystals of iron 
vary Vith tl^e erystallejgrapftie orientation. ^For examjile, the metal it 
brittle in the direetioif of flit planes ofT'leavage, but exhibits conyder- 
able •[elasticity in othei directions.'^ In coinjia^t iron the crystals#Bre 
separated from^ach otlier,by*an aua^rplious (7*ment;, which acts us a 
binding i^eiit. The metal is ductile and •mail able. Jt# poss(*.sscs 
considcranle tensity, a w4re 2 nun.* in diameter* being capable of 
supporting 254) kgms.® ^us value, is grftitly inlhRincial* by the 
presence of alloying elcn^cnts, part icularly carbon.® 

* Hick« and C^hea, Electrician, 1895, p. 843. 

* Brown ai^ .MathoreT •/- Phyncal q^m.,^1906, lo, 39. • ^ 

* Wohler, Pogg. Annalen, 1832, 26 , T82:^’uch8, AmuiUn, 1852, 84 , 257. 

* Capitainc, i^nd., 1839, 9 , 737 ; Ann. Chim. Ph^ft,, 1811, (3), 2 , 129. 

^ Kohn, Repertoire de chivne appliqnfe, 1858, i, 55. 

* Dsmom) and Cartaud, Chtnu Zentr., 1902, 1., 841^— from Anm 19(H), 17 , 110; 

1900, 18 , ip. 

, ^ Osmond and Fremont, Compl. rend., 1906, 14 X, 301. 

• • Baudiimont, Ann. ChiiM. Phys., 1850, (3), 30 , 3W. 

y 3 <n» Hufl vcltame, Firt III. 
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At a low teiTipcrafure,» such as that of li(][uid air, |>urc iron is“V6ry 
brittle ; ^ indeed most alloys of iron, with^the exception of those con- 
taining nickel, lose in ductility as tjal* temperature falls. 

The density of the metal ^^aries somewhat according ta its mechanical 
history, the iVsinil values obtained for the ppre gietal ranging from 
7'^5to7-8«.2 ' . ^ 

' As- a rule tJie dejisity of a metal decreases* with cold worki%, and 
iron appears to lx; no exce])rton. Iron filings are less dense than the 
compact metal from wj^ieh tl#ey are obtain6(J?^ as indicates by the 
following data - • *r* . ' “ 

, ♦ f>en8ity. t 

Pure compact iron . 7*8558 

Filings from ditto . 7*8172 


Decrease in dc'iisity , . 0-038G • 

•* . • • , 

The effect of eold-drawing of wire upon the densi^ of the metal is 

clearly shown by the follo\v*ing ,data, obtained V.Tiui irf>n piano-wire. 
The density lias Ix en calculated for a vacuum at 4"^ C. ^ 


Viano-wire annealed 
,, cold drawn* 


Mean Density. * 

. 7*7970 ^ 

. 7-77f‘/ . 


Decrease in den;4ty 


<1 

c. 0*0198 


JQpoii annealing the density tends to return to its original value.® 

The density of solid iron near i^s nn lling-point is 0*95, whilst that 
of the liquid metal it few degrees higlier in tciuperature is 6*88.^** 

Addition of carbon effects a redu(*tion in the density of the metal.’ 
Th^i meliin^l^ptdni of iron lias frequently been determined ; the most 
reliable resMlt^i are as follow : — ^ 


iMthUiig-l’niilt. 

Authority. *» 

. i.ios 

‘Car})enter and Keeling, ./. Iron 

< c 

SicH Inst., 1904, I.,c‘242. 

1505 * 

Carpenter, J. Iron Steel hut , 


1908, HI., 290. * 

1S10 » • 

^aklatwalli^, ibid., 1^)08, 92. 

153a il*! 

Burgess and •Wallenberg, 

• • 

^ • 

c^hington ficad. Set, 1918;^ 


88, 301 ; • Zeitsch. e anorg. 

C C ^ f 

♦ c 

Chem* 1913, .88, 861. • 

^9 


o 

• Dewar and Hadtield, Proc. Roy. Soc.^ 1905, 74 , 326. * < 

’ luuidolt, PhyMkalisch-chemiiiche Tabellsn, p.jl63 (Berlin, 1912). 

• Lowry and Parker, Traruf. Chem. Roc., 1916, 107 , 1005. 

• Kahibanra and Sturm, S^eitsch. anory. Chem., 1905, 46 , 217j* 

• Further data are given by CltappeU and Levin, Ferrum, 1913, 10 , 271. ’ 

• W. C. RoberU aild Wright-sonv Awn. Chim. Phys,, 1883, (5), 30 ,. 274. • 

• See this volume. Part III. • ^ 

• the earlier v^uea of Pouillet ITraiU de physique, 1836. 3 * 789),Pictet 

1879, 89, 1315), e^., are now of brntcurioa] intereat only. ^ ^ 
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Accotdmg to iCn 0 cke,^ th6 ‘i^latUisaiim of irorhtn vaciio is sufficient^ 
great to b^detecied at 755 C.* The metal ^boils « at 245Q* C. ±5(^^ C, 
at 30 mm. pressure. * • • | . m 

Moissan suqpecded in volatilising* iron in his*<.!eetri<* furnace win^ a 
current of 850 amperes at 7# volts. In a tew niinutrs a sublimate or * 
distillate of iron was obtained on a water-cooled tube ias a grey po^d^r 
mixed with some brilliant and inalleable scab s, and jjossessed of the^ 
same chemical properties as tlie finely divitW metal. The distillation 
of iron ifi this manner is dillieult on aeeounf of the v^ioleift frothing 
caus^cUby the boi^wg gietal evolving occluded ^ases.^ * 

The speq^ijic heat'of iron rises witlijlut temperature. 9 
The following ^'allies for the spc^tjlie h(‘at of a sample of pur(‘ i|on 
(Fe 99*87 per cent.)*’’ for tenipA‘^tures ranging from 0° to ar# 

given* by' Grid it hs,^ tlie extrL^ne ti'inperatun* ranges being 1 t'' Gk : — 


^ Temporatur*. 

^V. . 

Spccilio HcjAi 

. 9 

* *01045 

10 

. 0-10.59 

20-5 • 

0-1 07K 

! .50-8* 

• 0-1105 • 

i • 97 -5 

0-1 187 

* -- -f - 

' — 1 


For intermediate t(^mperatures, tl^e spi'cific inat (S^) may be cal- 
culated from the (Hjuation • 

O lOij (1 I •()'()(> 1.520/ 0 00000017/“). 

Other recent re sults are : — ^ “ 


Icmpcratun- Interval, 
“C. 

Spoedic ifc-n!. 

• • • • • 

Authority. ^ * 

• 


O-lOi^HB ^ 


17 to 100 

Tilden, PM. 1900, A, 

t 


194, 2J?!5. • 

17 to 100 

0-1098 

S(‘ftini])f, Zeifsclk. physikal. 

0 


iHtcm., 191», 71, 257. 

-188 to d-2() . 

0-0859 • 

I Hieluwds tnul JTaekson, ihid.^ 

• • 

• 

1910, 70, 414. • 

-185 to 420 ^ 

• 0-1195 

Nordmeyer and Hernoulh, Bet, 

• 

* ^ 

• ' 1 

* • 

— • — - 

deui. piiy.sih'nl. Ges.y 1907^5* 

. /75. •' . 


‘ Knooke, J5<r., 11^9, 42,. 20«. • * • 

* For the influ^cc of iron, through HUjgiotjetl vaporUa^on §i ordin^fy teyiforaturea, on, 

photographic plhtca, see Pellaty rend., 18^8, 12#, 13,38 ; 4890, 123, 104. Contraat 

Cdson, Und., 1896, 123, 49. • 

* RnS and Bornmnn, Zcitsch. anorg. ChM., 1914, 88, 2.59 ; Greenwood, Proc. Roy* 806 .^ 

1909, A, 89, 396 f 1910, ¥1, 83, 483, , 

* Moisaan, oomp/. rend., 1893, Ii6,4429^ Traiii de Chimie. M inhale, 1905, IVl 307» 

* Moiaa^n, Comjd. rend., 1906, 142, 425. 

* ObtJiined from the* American Rolling Company. Density 7-858. Analysis sbowod it 
to cdbtain^o following percentages of impurity ;—anlpbur, 0-021 ; manganese, 0»036| 
OXywjn, OdnS ; phosphoms, 0*005; aUicon, trace ; •nitrogen, O-0()26; carbon, dr0]2; 

hydrogen, 0-0006. 

, : ! is. H. Qriatha and E. tfriffitha, Proc, Roy, Soc.^im, A, 88, 54« 

.'t' 
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The mean speeififf heats of pure iroft ' between 0° and t°, where i 
ranjfcs from.200“ to 1 100°*C., are given ns follow * • * 


• 

t • 

1 ^ 

Tempi'Aituro Range. 

( 

• • 


Tempi^rature tlange. 

T. 

• 0 . 

iSjAeciliciHeat. 

* specific Heat. « 



• 

• 

0 to 200 

0 11175 

0 to 700 

0 1 487 

0 „ tlOO ^ 

0 12.3:1^ 

0 „ m) 

()li597 

0 „ 400 * 

« 1282 * 

0 „ 9i?(i 

0 „ 1000 • 

. 0-16^* 

0 „ 500 % 

Oi;338i , 

* p l557 

, 0 „ flOO 

« 

f 

0 1 390 • • 

€ 

' 0 „ 1100 

« 

• 

01534 


There is marked diseoiit inui^y ;i])()V(‘ 1)00' C'. 

Tke spf'eiHe lieal of iron appears to* he very increased by 

cold workin^y.'* • • * 

TIk‘ (‘oetlicient of linear ex})ansir)n o]^ iron temperature 

has been dctfTinined * tor a jiurt^ iron containin<r 

Carbon . t • •. 0-057 p(T cent. • 

Man^nuu'sc' . . . O-]0 ,, 

♦ Silicon . ^ . 0 05 

The n'sults art' as follow : 


'renipt'iul lire 

Intel val 

« 

T»»tnl Kxpiiiision 
per Pint li('nglh. 

« 

(’(jetbeiflit of 
Kxpnnmon pi'r 

PC. 

« 

OJo 100 

, ooon 

0 OOOOll 

. 0 „ 

200 

0 0023 

0-0000115 

»o 

300*' 

o-oo3t; 

0 000012 

‘ 0,„ 

100 

() 005() • 

I 0 0000 125 

• 6 „ 

500 

0 (M05 

0 00t013 i 

0 ()00 

t 0 0081 
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Vhen hcati'd to 050'^ C. in ail inert atmosphere, iron isdisintcgmtcd, 
emitting particles* at rhjrhfangles to it.s;;urface a^d as^ming an etched 
appcaranct'. , r , • # ^ 

* For a ftUI disciwsion rfiji 11)07 jee pbt'rhofTor, ^f^'^ailurgi€, l007, 4, 4^!7, 447, 486, 

Other data aitt givt-n t>y Hi own, Trafis. liny. IhiOhnSoc., 1907, (8), 9, 69; Behn, Wkd. 
Annulen, iSllIl, 6^f 2li7— fir nictals contniniiig 0-6 per cent, carbon > Pirani {Ber. deut. 
physikal. Ors., 1912. 14, r037) between 1*10'^" and 970'’ Cf ^chcr (i6*rf., l907, 5, 647) gives 
relative values obOiincd by an electrical method. S'^hinitz, Froc. Boy. aSoo., 1903, 72, 177 ; 
Naecari, Oaizetia, 1888, 18, 13 ; Wonebon, .4 wm. Chim. Phys.^ 1887, 1 1, 72 ; CompU rend.t 
1886, 103, 1132« Karlier data are those «)f Pulonc and Petit (i4h«. C/iim. 1818, (2), 

7, nail ; Kt'gnault, iWd., 1843, (3), 9, 322. ^ 

* Harker, Phil. Mag., 190.6, (6), 10, 430, The composition of iron was as follows ; — 

carbon, 0-01 per cent. ; silicon, 0 02 per cent. ; sulphur, 0 03 per cent. ; phosphorus, 0-04 
per cent. ; manganese^ trace. • • 

* Chamndl and*l.anin, Frrrwm, *19 13, 10, 271. 

«>- * be Chatelier, Coujpl. rend., 1899, 129, 33L 

^ * Kaye Proc, iSoy. /^9C., 1913, A, 89, 68. 
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The refractive index of irotf, for sodium light, Is 1 -85.1 . 

The m 8 st infftnsf lines in the spectrum of iron are as follow * 

Arc 302075, *302lh9, 3I47-72, 344Q,-77. 3441 18. 846« 02, 
3490-73, 3505-64, 3570-24, 4570-29, 3581-^4, 3.4t.l -3.% 3009 01, 8618-91, • 

SCSI -60, 8648 -00, 14705^74, yiOS -OO, 8709 -39, 372(i -09,- 3722 -73, 3785 -02, , 

3787-30, 3745-70, 3748-40, ,3749-62, 3763-92, .3768-9!f, .3816-00, 8820*61, 

3824-80, 3826-07, 3828-60, 3834-40, 3860 0^ 3886-45, 4045 -99, 4068 -74? 

4063-77, 4071-92, 4260-08, 4271-95, l30,S*-0<f, 1325-97, 4383-11, 4404-95, 

4415-31?5107-67, 523i-t5, 5269-70, 58S4-38, 5365-0(S .'5667-01, 5870-18, 
,»538S-«8, 5404-81* -SIW -1,5, 5415-40, 5424-30, 5420-94. j 4 45 -28, .5447-15, 
54.55 -81, 5873-09. S586-98, 5615»89, « 490 -2.5, 6495-25. * 

Spark: 2599-50, 2739-03,, s/W -41, 2755-80, 4045-99, -«J 0 (f-ip, 

432.5,-97,1883-73,4401-95., ’• * , * 

Allotropy of Iron.- Wlu-n^ii bar o! |)iii’(- iron is allowc-d to cool from 
its nK-IUn}r-p<)iiit to 0“ ('.. its fitm--t(-inpii-a(iirc- (tooling (urve t'.xRibits 
three breaks,*^!!!* iirnsts, dt by tlu‘ symbols A/*,, Ar.j, and Ara 
respectively.^ 'J arrest s nirt* du(‘ to «t'voIution of a small amount 
of heat eonsefpu iit upon some internal alteration in the* metal, whereby 
the rate ol'^eofiiin^^ is n'tarded. ‘Indi'eAl, the e\oliition of lu'at at the 
Xf)j poii# is sutlieient to ryi‘«t‘ the tempt ratnri' of the iron by a very 
a])j)reeialile 41 mount . d'he phenomcn^^n is ternu'd mv/A’.vee/ar.** Simi- 
larly, oi* rehejifin^ th(' mi'tal, three arrests, din* to heat absorption, are 

^ Ito.sh, Phifucal A'l M’, lai I, 33, S»c hIho Ktindl, \Vu<i dioitdrii, 1S88, 34, 

4()9, from tSit^mu/shrr. K. Al^dd. li t.s.s. lUrlni, 18KH, }), 2r).‘>. ^ 

2 KxruT and Hastlu k, Dtr SjxAin ii (hr FA> mnilf Im miitnahni J>ruck (JAsipzig and 

Wirn, Itlll). • 

3 for furiluT ic.si arclirM on thf arc and .spaik spcctiu of iron ms' AinHlio and Fuller, 
Trann Roij.Stir ra/iin/ti, 19I S. 12, (9), <).“► , Horit/onbfin. /iriTAti/l. ti’ns.s /Vio/nr/n no, 14H7, l6, 

225; ♦.an,.', ihul , HHll, 15, 225. diinicki. tin!., 1914, 13, 1/5; Vit fliauK. ihuL^ ji}). 2011, 

215 ; Iturn^, (hid , 255, uIm. 1015, 12, 207 : tfni . ]0!5, I2,;>r4) ; 1012, It, 1, 505 ; 

Kvorwheini, .Ian /V/y.siA, 1011, (1), 36, 1071 ; 1000, (-4), 30, 815; Uuibw^i anil Fabry, 

Ann. IRiyttik, 101 2, (4), 38, 215 ; ('omiA lentl , 1008, 146, 7?) I ; 1000, 143, 105; Kayser, 
Zeitttch, PhoUxhini, 1011, 9, 175; Hattrnnnn, Phy’^tknl. Zttiu'li.*, ioOO, 187^121;^ 
Finger, Her. dent }ili;/siLnl. (ir.i., lOOlf, ii, ,'0)0; Zntaeh in^ns, Pho^t^ieyt., 1000, 7, 520; 
Follok and Iteoniird, ttci. Pkh' Hoy. JJiiUtn .soc , 1007, (2), ii, 2^7 ; Ki'ller, ('lieni. (kntr., 

1900, II., 1251, from Zntfteh. whs-t. /‘Iiotoehnn , l<«00. 4, 200; l.o(k)^f‘r and Ibixandali, 

Proc. Roy. Soc , lOOt, 74, 255; Adcm \ . Tiari.'i. Roy Dnhltn .Vor, , rJO 1 , (2), 7, 551; 
Cn^, Phil. .Mng., 1001, (0), 50, 407; I'.oekyer. /'foe Hoy. Hoc, I(J07, 60, 475 ; 1803, 

• 54 , 559; Li\eing and Iknvnr, ihul., IMS 1.^2, 225. 4W2. ihPiha jt ante ’ijxri raw of iron 
see Meinaaleeh, /'/ii/. Aiay., 1018*36,200,281; ('owpt. r/vn/., 1010, 163, 757; Loeky#r 
and OJoodson, Wor. 7Vov. Hpe., UllO, A,92, 200* Heirftaledi and (!<• VVattevilV, Ctmpl. ^ 
rend^ 1010, 150, 320; 1008, 146,* 748, 850, 002; Auerbach, Z/t/Ar/i. wi.fx Photbrhern., 

1000, 7, 41 ; AbAr. Chnn.^Sor., 1000, ji. 270; de \VatteviHe, Phil. 'rran.<i , 1904, if 204, 

459 ; ^ Perry, Cfunff 1884,^49, 241 ; ].oe4y<‘r, ('omjH. rrnd.^ 1881, 92, 004. The 

tvfra-red spf clAm o^iron iia.s li§en Bludied by Handail ^ind Parker, Ahlroj^ys. J., 1910, 

49t 42; liOkinann, r/n /a. Zentr , 1^01, I.. 81.* Tke itiruaw tifbe ■'.jyetruw, of iron : Pollok, 

Sci. Proc. Roy. Dublfn Hoc., 191^ 13, 255. The farnarr Mpcctrnw of iron:# Ann. 

Physik, 1905, (|),*l6, 500. The^pectniiii of ir/yi develojtetl By.exploTtfng /Jaaes : Liveing 
en^ Dewar, Phil. Mag., 1884, (f»j, 18, 101. On the mmfnrhcremlntton of the iron Hpectrum, 
see Graftdyk, Arch. Sh.rland, 1012, {5A), % 102; Luttig, Hartmann, and Peterke, v4nn. 
PAyA»A:, 1912. (4V38, 43. 

* If the ij>m contains carbon -pr^craljly almut 0 25 jx*r rent., - -if fourth arrest is 
observed, dcBignatcd as Ar^ on the cooling* curve, and Ar, on Hu reheating curve. Ar^ 
occurs at approximatciy OIKF f\, and is gencrallv n^rogni^-d as due to a change in the 
condition of the carbon which, at higher tcmpijraturcs^iN hold in solid solution, but at the 
Afj ^int jpegins to separat-e out in r<»mbina(ion ^th some ir®n as triferrocarbhle or 
oementite^seep. 105). 

* * Symbola introduced by Osmond : A —arret, and r— refroidisacnipnt. 

• • Barrett, Tmw., f873, (4), 46 , 472. • , * 



=2 


IRONfAND m COMPOUNDS. 

)bserved at^ temperatftres denoted by AcJ, and Ac^.^ The points 
)ccur at apppoximatcly the following temperatures ; — • • 

% Acg 770^ C. . A6*3 aii'^ C. ' * Ac4 1404^ C. 

Arg 700° (;. Ar^ 890° C. / Ar^ ‘1401° C. 

/J^he point now^uown as Ar., was the first to«bc discovered,® it beiAg 
observed that, during tlie cooling of a piece *of iw)n from a high te^ipera- 
turc, on reaching “ a very dull heat, a sudden accession of t(;mperature 
K:eurred, ffo tliat it gl()W(‘d once more with a lyight heat.” , 

It will he observed that the* Ac points are slight Jy. higher thjrwthe^ 
L-orresponding \r points, but are^indieative of tnc.same* phenomena, 
rh^ divergenee is exi)lained bj^ ajksufning that a certain ‘amount of 
inerti{^org('sistanee to change exisfs, known as lag, which tends to lower 
the b'liiperature of arrest during cooling, and probably to raise it slightly 
luring heating. • ^ 

Wnen d(‘terniinakions ar(‘ made of tin* variation of other .physical 
properties of iron, with rise or fall of tump(‘rature, discontinuities or 
[ibru])t changes are usually obseryed tit t 4 ‘mj)eratyrf(«^ap}>roxi mating to 
the various A i>oints. The first of these to b(' observecl^was the sudden 
elongation manifested by iron jvin , iwt a temperaturi' not tftated, when 
allow(‘d to cool from rtd heat to abowt^ 15° C.‘‘ This jKfuIiarity, 
announced by Kore in IHtiO, was ^onlnmed by Barrett,® why alko showed 
that during tin' heating of the wire* an interrujdion o^ the expansion 
ot the m^'tal occurred at approximately the sai^e temperature. The 
elongation of the nn'tal on eoolifig was found k) occur simultaneously 
with th(' recfth'sct'iit point now known as the A?*., point. 

• The elect ric resistance of pure iron increases from 9 ° C, to a maximum 
at 757° C’., corresjHuiding to the A^ point, and then falls to a minimum 
at 891° C.--tln‘ A 3 ])vint. On cooling ^^he reverse changes occur at 
praotici^lly the ^atne tenunyalures.^ The presence of hydrogen *undcr 
atmospherig pn'ssurc doCs not materially affect the resistaiu'c of the 
metal up to l)ii()° CJ* * 

TTie thcrrho-^'lectric potential difh'reiXHs between jdatinum and iron 
at various tefnperature^ reach a maximum at 850° CV' — a temperature 
cldscly a])proximating to the p(»int. 

The magnetic jjuseeptibility of iron rapidly increases at 1805° C., 
when the mdaVis raised to tliis temperature from a lower one, andd:he 
Inverse change takes place at 1810° C. on.cooling^from a higher ,tcm-* 
perature. These points eWdenyy correspond to the AC 4 aiTcI Ar^ points 
resDj^tivcly. ^ ^ ^ 

The foregoing resulfs are usually inttrpreted as ind^xiting that iron 
is capable of existing in four alUTtropic modifications, dcsigiiated respec- 
tively as a, y, j^nd *8 icrrite^tl»» points^ Ajj, A 3 , atul A 4 representing 
their traT*sitioiy tcm}>yrayircs (that is, the •temperat fires at which the 

‘ c«>chauffaw. * • 

* Barrett, Phil Tmm,, 1873, (4), 46, 47S^ 

* Gore, Proc: Roy, 80 c,, 1809, 17, 260. ^ 

* ^rgess Rifti Kellberg, J. iVmhingion Scl, 1914, 4, Sec %]bo Honda and 
Ogura, Science ReporUf Cnir. Sendai, 1914, *3, ll3 ; Lo Chatelier, Compt. rend., 1890, 
110, 283. The resistance of at low temperatures has been dttermined by ScKimank. 

Phy»ik, 1914, (4), 45, 700, 

* Sieverts, Inter^atn SkiUteh. M^aHographie, 1912, 3, 36. See also Hardigg and*D, P. 
Smith, J, Amer, Chtin, Soc., 1918, 46, 1608. 

% • Lasohtwhenh^ Bykoff, and Efremoff, J. Rvsa. Phya, Chetn. Soe.^ 191(V'4^ 27^. * §c« 
also Broniewskii Cotnpl rend,, 1913| 156, 699. 
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arrests, on cooling or reficatin^, would be oVser^fed were it, not for the 
lagging). iThus h ferrite is the ordinary variety of pure iron, stable 
below A 2 , at which ^ointlboth and jS ferrate are in equilibrium. 
Between Ag and Ag the j3 fe^ite constituteg the t ’ able phase ; between 
and A 4 y ferritc^s stable, Vhilst above A 4 B ferrite Exists. This may 
be represented diagrammatigally as follows : — ' • • • 


0 ° 


A,. 

, 769 

• I 


A3. 

006 ° 


A*. 

1404 ° 


Melting-point. 
1505° C. 


Many metallurgists, howeve/, intlim* to the view that j8 fegritf is 
really a solid solution of y ii^a feitite ^ ; in other words, the afsumptioh 
is made thUt when iron cools below Ag tlw conversion of y ferrtte into 
a ferrite is not quite eompluilt*, a few y molecules remaining dias^lved 
in the a itntil fhe Ag point is reached, at which poiiV the transformation 
is completed,^ alone remaining.'* ^ 

Whether this view' be accepted or hot, it is eomaiiient to retain the 
name ferrjtc* fo indicate that particular phase' of the metal between 
tbe A 2 a|>d A3 points. ^ * 

a, ^ind y fe rrite* eryUallise in .the; cubic systery,^ })ut presc'nt 
W'e'll-ma^ed sjweifie characte rs inehevitive* of varying internal structures. 
It has been suggestee^^ that 8 IVrrite is me^natoniie irem, Fe* ; y ferrite 
is diate)mie, Fco ; anel ^ ferrite is triati^inie, Fe'g. At present,* however, 
very little is known e)f the structure e)f the* iron nK>leeu]e. , 

Carbon readily elissolve's in y fe rrite*, is soluble te> a slight extent in 
P ferrite, but is practie*ally inseduble* in a ferrite*. 

For a me)re eletaileel eliscussion of this subject "iinel its bearing.upoii 
the nfetallurgy of ireai anel steel, see* this veduine*, Pari III. 

Occlusion of Gases.-* Iron re adily abselrlw en “'eMude^s ”*^ases,® 
and may contain from ten to twenty times ils own vplifme of gas. 
Meteoric iron usually ce)ntains, hydreegen, nitre)gen, liedium, and ewiides 
of carbon. The jjases are eve)lved pn heating >he* mefal .in vacuo, the ' 
different gases being eharacterise‘d by a dcflnile tenqierature of evolu- 
tion.^ The gases most usually f>e‘elude*d by lerre*stria^ iron arc the 
^ oxides of carbon, nitre)gen, anel hydreigen, ftnei se>me;tfme;s the last traces 
•of t^ern are held yery tcnaeiemsly* liy the nud at, a third heating in 

^ The mean teinperataraH giwn^for the A,, Ajinnd Jt, pointH are<1ti(>Neof Rii/i einei his 
oo-wtrkers, Ferrum, 1014, 11, 257 ; 1915, 13, I. • 

2 Benedicks, J, lro7iStid Imt., 19^2, II., 242 ; .lOA, I.* 407 ;* Cai^x^nt-er, t'6t(/.,<1913, 
I., .315. Le Cl^telTer {Re^ Mdallogruphif, 1904, I., 21.S) af)iK*arH Jo leaver been the first 
to suggest that the \ peint is rsot connected with a!lotj^)pio change. , 

• See Carpenter, J. Iron SkeJ^InMt., 19?3, i, 31.5, and *1116 .interesting discussion, 

pp. 327-360. • . . • • 

‘ Osmond aad*Cartaud, Compt. retwi.,* 1906, *142, ; 1906 X43,*44f Ann. Minet, 

1900, (9), 18, 113. .. * 

’Weiss, Trans. Faraday Roc., 1912, 8,«153. Contrast Honda and Takagi, J. Iron 
Steel Inst., 19t6,4J., 18 L 

* See Neurtann and Streintz, Monkish.. IH92, 12 , 606. See* also DeViJlo andtIVoott, 

Compt. rend., 1868, 66 , 83 ; 1863, 57 , 894. 965 ; Caillot-et, ibid., 1805, 60 , 344 ; 1864, 58 , 
32t, 1057 ; Doville, ibid., 1864, 59 , 102 ; 1864, 58 , 328 ; and Hautefeuille, ibid., 

1876.80, 788 ; 1873, 76 , 662 ; Graham, Rer., 1879, lay 93 ; Compt. rend., 1867, 64 , 1067 ; 
Baxter, AnMr. Okem. J., 1899, 22 , 362 ; Heyn, Stahl p.nd Kisen, WOtJ 20 , 837 ; Kichards 

lAtUsch. physikal, Chem., 1907, 58, 301. The absorption of hydrogen by thin 
jfilms of iron on glass has been studied by Heald, Physikal. Zeitsek., l|07, 8, 669. 

* ’ BeUoe, Coi^jd. rew^., l407, 145, 1280. * ^ • 
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vacuo to iaOO° C. stfll yklding some gas.^ iliiller* showed that the 
gases occluded in iron are, for the most part, me(?hanically held in 
thc%porcs of the rnetat for they aii libertted o*n Ix^ring, only a very 
, little more gas beyig ohtaim^l when the bo/ings are heated to redness in 
vacuo. Helium is absorbed by iron, but less jeadiJy than hydrogen!^ 
Irbiewire absorbs*inereasing (piantities of Jiydrogcn when heated in an 
•atmospher(‘ of that gas from 400° C. upwards, but on cooling th^ whole 
of the gasjs evolved.' Tlfe s^)lubility is independent of the superficial 
areaof the*metal/’*so that the jducnornenon is an*(i^amplc of tru^ solution 
and not of a(ls(u*])tion, wliieh is purely a superficinl effc'et.. At cdnstaiit* 
tcm])erature thr soluliility of*thf ga^ is din‘ctly proportional to the 
sqifarci root of tlie pre ssure' " in With Uie sediel anel the molten metal. 
At ceinstUnt ])re‘ssure‘ the* solubility* ()f hydreigeai iiUTeases wit[i the 
temjiei^iture. The* e-urve* e'evmeeting the' seilubility with the' tempera- 
ture;^ ^eees not inelieate' any ehange' in neighbemrhexKl of the Ag 
point, but a rapiel irxe^re'ase in seelubility manife-sts itse lf in«+he neighVjour- 
heieid eif the A., point that is, bet wee ii sr)0*anel 1)0()°^ When the ineilteMi 
me.'tal seelielihe s in an atmosphe*re' eff hyelroge-n, it exlflTms the [ihenomeiion 
of “spitting.” The- power te> e)e*e‘lueh‘ gase's is e'leiselv* eonneeteel with 
the ameirphems eement luye^rs Ifelwes'U the feTrite- crystals (see'^i). 51-). • 

Absorption of Nascent Hydrogen .-'inm readily abseirbs nascent 
hydrogen."^ \Vhe'U saturate'el witfi this gas, ire)n is e'^eataeferised by 
unusual briltle'iu'ss ('-ee' p. 51), but, ein prole)ng(^l e‘X})osure To air, eir 
nmre rapfdly em heating, the hyeiroge n is e'veelved anel the* metal re'gains 
its usual phv;sie*a.l properties.^ 

A reaely uuthoel eh’ stuelying the*s(* e*hanges e'onsists in immersing 
iron wires in very elilute* sulphuric ae'iel. Ihieler tins** eonditiems the 
me'taj will abseirb seune* twe'uty times its vehuirn e)f hyelreegen. The 
' britth'iiess appe'ars te) be* elue* to the aelse)rptie»n e)f the gas by till’ thin 
intercjjJ'stalline' •e’eone'ut joining the* fe*riite‘ e’rystals teige the'i* (se'c p. 51), 
the; cements thus iuere-using irt volume tee sue-h a eh'gree as te) forex* the 
cry«iftls apart seiine what, thus re*elue'ing the inte're*rystalline eeihesion." 

The preipyr^f eif abj^orbing nasernt hyelreigen is share’d by ste el and 
cast irein, but the* purer feerms of the me'ted an' morb naelily affe'e*ted. 
CasSt iron was i’eumel by be elebbr tei re'epiire a ve ry prolonged exposure 
to a relative'ly e-nnevutrate'il ae-iel te) preidue'e* a uell-elctined ef^ct, 
peissibly on ae'C<mnt«of its liigh siiieon eontent. ^The general results* 
ibtaiiieel by I.e'de bur are' jriven in the table een p. 1-5. Iron and'steel 
» wirc^were useel, ranging in diaftu*ter from4)-1[)()5 i[e> 0140 inch. It will 
be eiiiserved that the hy4lro^n'niseel wire's jieissessed substantially the; Same 
tenacity, but thep* e'loifgatieen ehicreased, whilst the ir bi^tle ne'ss showed 
a substantial inerease.^ KiXpe)sure to air at the e)fehnary tewnperature gradu- 
ally restored the ^fires to their de>rmal staled, — a chantje' that rapidly 
brought jfK)ut*by igni^ioft to che.^yry-red heatdn an ine rt 4itynosphere. 

• Boudoueird, Compt. rend., 1907, 145, 12S3. •* 

• Mtiller, Bfr., 1879, 12 , 83 ; 1881, 14, 0. • 

• Tildcn, Pr^jc. Hoy. .SV., J890. 59, 218. 

• Sleverta, Zeit^rh. physikal. Chem., 1907^^6o, #29. 

• Sieverta, ib\d., 1911, 77, 591. 

• Sieverta, loc. cit. ; durisah, i>tahl iitid iSi-tf/i, 1914, 34. 252. * 

’ See Thotna, Zeits^. physikal* Chem., 1889, 3, 09. • 

• W. H. Johnatfb, Prttc, Boy. (Six'., 1875, 23, 108 ; 3/em. Manchester LiT Phil. 8oc.^ 

X2. 74 ; 1873 *4, 13, 1(H) ; Reynolds, ibid., 187.3-4, 13, 93. 

^ • Aioidrow, TraHk. Far^ay Soc.,A9i9, 14, 232. 

Led«bar, litahlund Sistn, 1887, 7 , 081. 
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0 • • 

Permeability to Gases.— Closely connected with th^powejp to occlude 
gases is the property of transfusion, hy virtue of yhich gases are able to 
pass througli iron. InMHOa CailletJt ^ shjfwed that nascent hydrogen 
* could ])ass throujirh an irorf vessed iinmerpcd in sulphuric acid at tiuj 
ordipary tenip(;ralurc', and this has been confiimcd» by numerous later 
^investigators.'^ * . , 

This diffusion of nasi'cnt hydrogen is not inhibited even by a pressure 
of 14 atniospluTt's. Molecular hydrogen onlyj)§.sses through ^ron at a 
measurable vefoefty when the 'temperature is 1-aised. Below 324° C.^ 
the V(‘Ioeity is Inappreciable, at 350° C. it becon^es, jferceptible, and at 
85(}° C. the velocity is some forty t*Ilnc^^as great * 

, Irdn i^s softened by prolonged^exposure at 500° to 1000° C. to the 
transfusion of hydrogen, for the gas redwees and removes the. small 
quantities of non-meta.llic Impurities usually existing in the metal. 
ThiA,*for example, sulphur, phosphorus, <nnd carbon are redpeed and 
escape as volatile hydrides, the metal beijig purified to i? corresponding 
extent.^ . ^ • 

The o])timum temperature-range for this purpose lies between 950° 
and 1000° C., hydrogen containing >*mall quantities 8f water vapour 
proving most efii<‘i('nt. Tlie time of deearburisation is necessatily somb- 
what lengthy,' and ave rages nrtt less than some 4 or J cl^iys. The 
following results ^ may bi' regarded a*s typical : — • * 

4 
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No ^oubt if the deearburisjftion proeoss* wrt’c very greatly pro- 
loni^ed, the (’arb«n avd •sulj)hur would be reduced to infinitesimal 
quantities. AmJogouS reactions take*ph^ce betweeff hydrogen and 
molten iron.*' « • • 

Chemical Properties of Fufe Compact ^ron.—Wljcn exposed to dry 
air at orSitiarv* temp#rat»ures, iron retains Tts silver- white appearance. 
If the air, however, is moi%t, and the tempej^iture fluctu'hting so that 
liquid water collects on the surface of the metal, oxidation or rusting 
occurs (sec Chap. IV.), - • 

^ Cailletol, Cornj4. rend.^ 1863, 66 , S4 

* See Reynolds, Man. Mhnehester Lit Phil. Soc.^ 1873-4, 13*93; Winkelmann, Ann. 

Pkffsikt 1906, (4), n, 590 ; Cbar]^ and Bonnorot, Compt rend.. 1912. iSa. 692. • 

’ Oharpy and BSonnerot, loo. ciir 

* Charpy and Bonnerot, Compt. rend., 1913, 156 , 394. 

« QampbeU,.J. Iron Steel Imt, ;919, U., 407. 

* Sohmitx, StakPund Siaen, 1919, 39i 373, 406. 
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• • . • . 

When heated in air or oxygen a piece of polished iron undergoes no 
apparent ^ange belo^ a temperature of about 150° C. Further heating 
results in tarnishing. *As tms is nfcrcly slight sHr)crficial oxidation, the 
temperature at which it bt^jomes distinctly visible depends upon the 
duration of tlie experiment. Thus, for example, prolonged heating^at 
170° C. may result in tjie production of a pale straw coiour, although^ 
for short periods of time a temperatupe ol* i^0° C. is normally required 
to produce the same^ effect.* Given reasonably uniform conditions, 
however* the extent of*the oxidation,* whicli» may be ‘judged by the 
Characteristic. hu^\inf()arted to the iron^is a fairly ae(Jirate indication 
of the temiPpralure. Workmen twail thrmselves of this with remarkt^ble 
skill in tempering steels, the daU'i usiftilly accepted ^ being as ^)lldws r 
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These lem})cring coFours are obtained even in the pref^enco of such 
dry air as that obtaim d by eontimied exposure to ])hosphoriis pentoxide,J 
clearly proving that the reaction is one of direct oxidation ol the metal, 
and therefore entirely distinct from ordinary rusting which inwdvcs 
a prelkninary solution of the metal (see p. 07). ^rhe oxide produced is 
usually believed to have the composition RqM'cscntttl ^)y the itjrmula 
Fe 304 . According to Mosander.* this is correct ui so far Hie extreme 
outer layers of oxide arc eoneerned, those oe(*urring nearer the metal ^ 
itself having some such forinufa as /eg^s-bFcfi, or t'c5U4.5FeO. This 
docs not neeessarfly imply the existence of a delinitt* cornj)ound, how- 
ever; it is more reasonable to assume that ferrous oxide m lirst formed, 
and this is relatively slowly converted 4nto ferrt^o-ferric oxide on 
••account of the dittieulty experienced by the oxygifn in |K*netraling the 
outef layers. Hence the alfove substance is^really a mixture of FcjO? 
and FeO. • ’ • * • , 

When iron wire is strongly heated in aiT atmosjkiert of oxygem it 
burns with a br1!liant*llamc, A pleasing lectureVxpeyrnent consists in 
holding a butieh of fine ir«n wire in the upper pipi^^ of a Bunsen flame 
and allowftig a jej of oxygen from a*ga? cylinder to tmjnnge jipon the 
whole, . / . . . • • 

* A modifi&tion of thu»^cxperiment consifts in placing® a small piece 
of glowing wood charcoal on a hcap»of purified iron filings and a stream 

• . , 

^ T. Tumef, Ptoc. Birm. PUl. Soc.f vi., part ii. ; Guillrt and Portevin, 
MUatturgit x Memoires, vi. p. 102; Loevrenherz, Zeitsch. Jiutrumenkrikunde, g, 3 Id, 
Roberts showed that this© colours are duo to the formation <)f oxide, as they ore not pro* 
daoo4by heating iron t’n twcuo {Trans. Inst. Mech. Bng:^ 1881, p. 71^^). 

* Howe,frA€ Metallurgy of Steely 2nd ed., 1891, 1., 23. * 

* ‘.Friend, J. Iron Steel Inst,, 1909, II., 172. 

‘ * Mbsander, P<w. itnnolcn, 1826, 6, 35. ^ 

f Kd^rt, Chem. IW) 6 , II., 87 1 from Zeitach. pAys.-eAem. OnUrr., 19 , 166. 
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of oxy^?en directed upon k. Vigorous combustion ejisucs,^the whole 
fusing to a white-hot mass of ferroso-ierric oxide, . 

According to (’havjjy, wlieii iron»is heijted in contact with carbon 

• (graphite) it doesjiot beeonr cjirburiscd e/en at 1>50° C.Minless at least 
traces of oxygen (3r an oxide of carbon are presei|t,^ l*ut this is disputed.*® 

Iron absorf)s ''Tlieon, when heated with th^t element, at tempera- 
rures considerably below I)}!)"" ('.»! * 

When heated in sli'ain electrolytic iron und^Tgoe*’ no change until 
about .’WO'' r.,*when laiinishing b(‘gins to taCtt ])laee. At 4()0° f. a 
small but measurable (|uantity*,of hydrogen is fortnedfand the velocity* 
of th(‘ reaction inereas('s rapidly* ^^ith fcirther rise of temperature. The 
reaeti(fn jy)p('a.rs to take* place in tiiree fjtagc's, involving 

1. l^issoeiation of the st(*am, ‘ 

^ n^o- ii.Kj. 

2. Formation of ferrous oxid(‘, » 

Fe pO, -Fe\). 

3. Oxidation to ferroso-ferri/* oxide, 

, :iF(()J O,--f:‘,(0,. 

, I *• 

For ordinary iron shavings, the lowest tcanperatun' at •vvhieh hydrogen 
is evolve(J is about 30(b C., and t he optimum yieldhs obtained at 800° C.® 

If the reaction is allowed to fake place in an (‘nelosed space, it does 
not' proce('d*to completion. Fapiilibrium is s<'t up, and the reaction 
obeys the law of Mass Action.® The initial and tinal stages of the 
c(pnlibrium may be repiH sented as follows ; — 

• ' ^ l Ul./) - FeA 14112. 

Dosigrtatin^^ the pnssure oT water vapour as when equilibrium has 
been rcaclu'd,* and tlu * hydrogen pressure as p.^, FreuiUT obtained the 

• following mean v alues for I he ratio Pi/p# : 
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• • • • . • 

Whet^ juagpctic eywid^' of iron is heatcii in a cutrent of hydrogen 

gas, one of tlie gaseous phgscs, namely steam, is swept Way, with the 

•* 

' Charpy and Boiinorot, Comyt. rend., R)ll, 153* d7l ; 1910, 150, 173; Quillet and 
Griffiths, ibid., J909, 149, 125. . . * . . 

* See Giolitti and Astorri, Gazzetta, 19C0, 4«, i. 1 ; Giolitti and Cafnevali, Atti R. 
Acood. Sri. Torino, 1910, 45, 337. 

« Lobeau, BuU. Sor. cAtrw, 1902, (3), 27, 44. • 

* Friend, J. West ScoUand JronSteel Inst., 1910, 17, 06 ; J. Iron Steel Inst., 1909, Ilt» ^72. 

* Lettermann, €hem. Zentr., 1806, 1., 962. • 

•au. • This was first prt>ved by Beville (riwnoZen, 1871, 157 , 71 ; Compt. rend., 1870, 70 , 
IIO 6 , 1SK)1 ; 1870l*7i, 30) and diaydron {GompL rend., 191^X59, 237), and stlbse^uenUy^ 
oonfirmed by ^uner (ZeitscA. physikal. Chtm,, 1004, 47 , 31^). ^ . 
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result that the oxide is readilj^ reduced to .the •tyietal. The same is 
true for lh(*other*oxides of iron, and the reduction has been observed 
to commence af relatitely l|w tenj|)eratures, najm ly at about 305 fC. 
with magnetie oxide and 371'^ (\ with ferrous oxide.’ Hilpert ® finds ^ 
tRat if the ferrous oxide has not previously oei ii licati^l above 4(M)^ C., 
it can Ce reduced aT‘28(f'^ (\jn hydrogi-n ; but if })i ('Piously heated 
1200° (ii, reduetiini is nora[)j)arent below 330'' t'. Tliis shows tliat the # 
physical condition of tlie oxide has an hiijTortanl iniluence upon its 
dissociation pressure.’ • . , • 

• I'hi* oxidati»)n^)f it^in with steam is uscil ti'elinieall^ us a means of 
‘protecting tju' nulAl against eor^rosiiiu^* 'I'liis is tlu‘ jTnncij)le ol the 
Bower-llarff proei ss. ^ ^ • 

With nitrons oxide at 200° (’! lierrous oxitle is produeid.’ rfS^itrogen 
is absorbed by the liealeil metnl to a slig^^t extint, piirt ieiilarl}*^ when 
melted under a higli pressuri# of lh(‘ gas, yielding the nitride.’’ , The 
nitride is J^so pi^idneed by heal mg t lie metal to SOO'^i.'. in an atmosjinerc 
of ammonia, the |)h\’si(‘al pro[<t‘rties of the nulal nndergoing consider- 
able alteration* • • * 


^^'hen iron isiheated m eonlaet willi carbon and its oxides, many 
interestirm reactions occur. At OOt)' ('. hi a eni’renl of <-arbon dioxide 
iron yii'lds ferrous oxiih*, w’lnlst*at 1200 magnetite is jirodueed, which 
is both nf^igitetie and crystalline.* Ignition in I'arbon monoxide at 
1000° (’. tii'lds rron^ oxide.'* 

The r(‘aeti(*n bet wei n carbon mom'^ide and iron at (I.'>0° ('.•involv< s 
the deposition of earb«urin those e.ises whi re the gas is allowed to pass 
oviT the nulal in a emit muons stream. If. howexu^r, tlie gas and nu'tiil^ 
are allowed to remain in eonlaet m a closed vessel at 0.50° ('.,no carbon 
is deposited : bul a carbide, most probablv I’cmentiti*, Ke,^(\ is lorpicd, 
and an#o\ide. 'I'he iron may bi* dissoKid in a<*id without, leaving any 
<*arbonaeeous nsidiu'. What the precise natwr^ of t he*n*ael ions ilf^ay be 
is not certain." 'fhe jiroiluets appear to be the ri^siilt of man? balanced 

reactions which mav lie rejiresentid bv the following eijiiaftons : - «» 

• ’ • ' 

• (1.) 3Fc}2(’0? Ke,(’ (V),. * 

(li.) 2C() - CO... ^ 

(iii.) FcjC I IF()> 31-V) 1 .5(0. , 

* Tly carbide eont<«nt falls ^\ith inenase of ssmx* of carbon dioxide,^ 
becoming nil with a piytia^ pressure of ^3 p(«f cent, ol carbon dioxide, 
the r^^maining gas being carlKi^i monoxide. At 8,50 F., iron chcom]#>scs 
carlxin monoxid^x yiijdmg trifiiTro carbwie {e/*jnenfit(‘) and earH^m 
dioxide ; thu% • . * • 

3Ft^f^2a)- F*-3(;ia).;. . _ 

The iron carli^dt; now’ dtxHujiposcs^moro caribou monoxiefd*, yielding the 


* Olascr, ZeiUr^. anmg. Ohem., 1903, 36 , t. 

* Hilpert, B^., 1909, 42 , 457.5. . *• / * 

^ Somewhat analogous conclusions ffh^eJocen <lrawn from tho behaviour of cuprio 
oxide (Allmand, Trans, (^wm. 80 c. ^ 1910, 97 . 60.5) ^ 

* Sabatier and vSenderens, Compt. rend.^ 1892, 114 , 1429. 

* Andrew^ J. Iron Sied Inst., 1912, II., 210 ; Hogsta^us, ./. praki Cj^m., 1862, 86, 307. 

* Tisaandier, Compt. rend., 1872, 74 , 531. 

* Carpenter and C, C. Smith, J. Iron Sled Inst , 1918, II , 139; l|Aloke, Her., 191^1^ 

46,743r ^ 

VOL. ix. : n. * 
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dioxide and unstable* higher carbides Si iron, which latter dissociate 
into free carbon and cenicntited 

•When carbon inongxidc and hydrogen iatunfted with water vapour 
. is j)assed over iron at ‘250°^ to 300'’ C., several interesting changes ma^ 
take j)lace. hocnialdehydc may be detected in J;he distillate and* a 
filtty substance, jfi.pt. 35'’ to 30° (\, isolated extraction with ether.® 

^ Thcs(; reactions recall the Jiehaviour of •nickel under analogous 
conditions.'' * • 

Iron is readily corroded by* moist chlorine*iyt atmospheric*tempcra- 
tures, and wlieu strongly healed in a current of idle d#y gas yiclck Terrif 
chloride, whicliVolalilises and ?ymlens|'s on a cooler f)art of the apparatus * 
iriHi l^autifully crystalline form. * 

A snifill ball of steel wool, if sprinkled with antimony, will ignite in 
chloriile at tin' ordinary tymperalure.^ *Iron is not attacked l5y an- 
hy4r<eus liijuid chlorine.-* \ 

When heated in»1iydrogen chloride, iron yields ferrous chh5ridc, free 
hydrogen being evolved.® * 

Heated to dull redness *in bromine* vapour, ^on yields a yellow 
crystalline dibromide, Fellr^, or (he dark red ferric salt, FeBr^, accord-, 
ing to circumsianees, e-xee ss oC bromine vapour being essential to prodwe 
the latter compound. , * • 

Heated with excess of ioeline, iron yields a grey jnitss' of ferrous 
iodide; Ihe same- sal* is formed when iron tilii^rs are trituAMcd with 
iodine (ste below). , 

When heated together, iron and sulphur readily unite to yield non- 
magnetic feiTous sulphide. 

Sul])hur dioxide, vvlu n dry, has no action on iron, even at 100° C., 
but the metal is slightly attacked by the moist gas.'^ Liquid sulphur 
dioxide has likewise but little action under atmospheric pressure, but 
in rct\^ig(‘rators, where the temperature is liable to rise somewhat during 
compression of the ga*!, eornjsion of the iron is ajipri'C'iable. 

When heafisl to 150” to 200'' C\ in sealed tubes with thionyl chloride,^ 
ferric chloride, i^s obtained in accordance with the equation 

2Fe I tS()rj2-2FeC'l3 1 2SO. j S^Fl^. 

If, however, the rr.etal is pra>ent in excess, ferrous sulphide and cliloridc 
result. Thus < ^ ^ o ^ 

" 3Fe4^%SOCl2 r 2FcC4-f‘FcSd-S()2. 

^Nickel is not ^it tacked under these conditions. o 

When heated witch sulphuryl chloride, SOjCl^* enliydrous ferric 
diloride i^s obtahiod, large crystals being hi^rmed in favo!*rable circum- 
stances.® Sulplipryf tluoridc, SOgF^, is i>ithout action om iron, even 
at red bent A” , , , 

♦ ® A ’ 'fc 

» Hiljwrt and Dieckmann, Ber., 1915, 48, 1281. Cooipare (Jautier and Clausmann, 
CompU rtnd.t 1010, 151, 16, «» 

* Gautier and Clausinann, ibid., p. 3.55. 

* fiee tliis Volume, Part I., p, 93. u , 

* Ohmann, Ohem, Ztntr., 1914, 1,, 331. ' 

‘ Hee this series, Vol. V^IU, (1915), p. 63. 

* Se® Tsambert, Compt. rend., J1886, 102, 423. 

’ Lange, Zeitsoh. (kngew, Ckem^ 1899, la, 275, 303, 695 ; Harpf, ibid., p.c495. 

* North and Hageman, J. ,4m«r. Chem, Soc., 1912, 34, 890. 

' » North, ckim., 1911, (4), 9, 648. 

Moidsan 6nd bebeau, Compl. fend., 1001, X3a, 374. 
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Silicon tetrachloride vapour is decomposed by iron at high tempera- 
tures, yielding dih^rrosiliciae and ferrous chloride. ‘ 

; SiCl,4^4Ft— i-VjSi t 2KtCl*j. 

*' Nitric oxide is reduce^l by moist iron over mercury, fielding a mixture 
of nitrgus oxide and niti;ogcit.^ The nitrous oxide is slowly reduced to/ 
nitrogen.^ • , • 

Iron precipitates 4 ‘ty>per, silver, antimony, lead, jind tin from 
solutions of tlieir salts? In the ease of tin 4 he ilepos^it may be ex- 
• ceedingly small, a'^ ii lT>rins a thin protecting layer on tlj- surfaet^ of the 
iron. For this reason iron dissoK’<‘s niheh less rapidly in an acid if a 
tin salt is present. A pretty e.\.])eriifient consists in immersing A strip 
of irou in a tube containing ji»solnt*ion. the bottom lialf t)f whieii consists 
of a concentrated c h'etrolyte in which some^tin salt is dissolved, and the 
upper hajf a dilute solution tTf the (‘leetrolyte without any tin.**rhe 
low'er poi'Tkni'ftr tlu' iron strip Ix'eoines eovand with crystals of tin, 
W'hilst the np|¥T |)c*si4ion is (piije frc i'. altluMigh if eomj)letely immersed 
in the Iowit portion no tin deposit would he visible.^ 

In the precipitation of si1v(T fuoin dijut (‘ solutions of silver nitrate, 
unw’orkeckiron is found to he more active than the worked or strained 
metal.^ , ^ ^ * ' . . . 

The j)fceipit«.tion of copper frohi solution by means ol iron is used 
conunereially as a wifl method of exiraeting eoppiT from pyrites.® 
Tlic kind of scrap iron us<(l apjicarslo influence vi ry markedly tht' 

a sical condition in which the copper is precipitated. Tlif mud which 
sets when neutral copper sulphate solutions are reduced in this* 
manner contains a basic ferrii* snljihate, Fe^(OII)i.S(),,’ but addition 
of a little dilute sulphuric acid prevents this, and enables a clean def)OSit 
of cop^Ter to be obtained, . • 

Iron dissoKes in ammonium persulphate s7)lutiorn yieldyig It^rrous 
sulphate, a portion of wdiieh undergoes further o.’^dation.'^* 

A solution of bleaching pow’,<ler nijiidly attacks iron# with evoluTion « 
pf oxygen.® A coiyentrated sohiiiow of ferric (4lloride Iftis little action 
on iron, but the rnidal readily dissolves in ^ dilute solution. 

Iron has been recommended ** as an ele< tr(Kl(‘, to;ytht*r with carbon 
^in a«galvanic cell, the electrolyte lieiiig a concent raUd s(4ution of ferric 
^ilori^c. The iron cfcissolves, yielding ferrous chloride, 

• 2Fe4:i3 hFe-.ireClJ 

• • • • V 

which is con verkd into the ferpic stut<; ajain by jiassagc of chlorine 
gas. The geiferat^d eurreiyt* of course*, passes jn the ditcctiorwfrom the 
carbon to 4he iron through#the coifnc^ting wire! The. cell ^may be 

' Vigouroux, 0ompt. rend.^ 1905, 141, S28. • 

• Sabatier and Sonderens, 1895, 120, 1158. 

* Sabatier and Senderens, ibid., p. 1212. • 

* Thiel and Kc4(er, Zeitsch. arutrg. Cke.m., 1910, 68, 220. 

‘ Senderens,^ul/. Soc. chim., 1897, (34, 15^4191. 

• See this series, Volume II. 

» Essner, BuU. 80 c, cMm., 1891, (3), 6, 147. • 

• l^ruTentine, J. Physical Chem., 1907, ii, 623. See aiso Levi, Mkliorini, and Ercotin 
GamUa, 1909 3^* t ‘ 

* White, J. Hoc, Ckem. Ind., 1903, 22, 132. 

•MLSpiiiig, Bee. Tra», Otm.. 1897, 16, 237, 

» Itaag* gk^oAim., 1897, 3, 332. 
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varied by immersing tlie carbon in ferric chloride solution in a porous 
cell, surrounded by a solution of sodium chloride into ,whicm the iron 
electrode is mad(; to dip.^ * f ^ 

• Iron and iodi^^(‘ int(!nieV in the presei|c*e of water, ^evolving lu'at^ 

, ferrous iodide passing into solution. The reaetimi i^iptairs to take plac<i 
^in*sfages involving the formation <d‘ ferric iodide, which decomposes 
into ferric oxide and hydrpgcn iodid(% the last-named attackifig the 
free iron with the format i«)n ol ferrous iodide. 

The /leliotf of AcUk' upon Iron . — i\s a «j^e<ieral rule, wlftm acids 
act uj)on iron h\jdrogen gas is e^'olved and the inekd p/Jsses into s<Slution* 
in the form of a (cirrous salt. Tlftis, 1/u- example, d^ilute su^dmrie acid 
soluti(m ri'aets as follows - c 

* Fe i^lF^SOi -FeSO", I ^^ 2 - 

ProR)f\ged exj)osure pif sneh solutions ll^the air results in the more 
or h'ss eomph te eolwc rsion of the ferroys salt to the ferric t^ondition, 
which may ( itlu r remain in.solution ord)e ])r(‘ei]^nted <as a basic salt 
according to eireunist.ineis. AfltM* exposure to acid attack, the im- 
dissohed ]»ieees of ircui very (‘xhibit a pei^diar brittleness, 

but revert to their original e(Hulition if#k(“j)l for one or twi' days at 
ordinary t('mp? ratures, or m the'e()urse of a* lew hours if gently warmed. 
This ])henom(“non was lirsl obsc'rved by Jolinson inr and the 

following year nas ])roved by Heynolds to b<^ entirely due to the 
occlusion of hydrogen ^silhin thd pores of the metal (se(' )). 5t). 

The puriv forms of iron (wrought iron and st(‘el) appear to b(‘ much 
more .suseept ible to this kiml of reaction than east iron.' If tin' attack- 
ing acid is iH'adily inducible liy hydrogen, many secondary reactions 
t may 'lake place, 'riui,s with nitric* acid, oxides of nitrogen and ammonia 
may be* ('vobapl ; whilst with seleiiie acid a deposit of elenfentaiy 
scleniiVm i^ oblanu'd (seV- below). Wlien iron is exposed to tin* aetioti 
of acids that ^ire also powerful oxidise-rs -such as, for example, fairly 
i concentrated sviuliousof nitric a.nd chromic acids,-- it is frtepuaitly 
rendea’cd inert*’ or [ias*yi\('.' Its srarface may remayi perb'ctly bright, 
but the metal does not shvpv any appiH'ciable sidution in the acid, 
and if remo^'ed apd inimers(‘d in dilute' solutions of such salts as c()p])er 
and silve r sulphates^ no reaction takes [)laee, although ordinary active ^ 
jiron would cause' an immeeliate* precipitation of the more electro- 
negative metal. < ^ ^ 

^Jlulphurie acid, in all stages of dilutioA, attacks iron, llydroj^mn is 
evolved in tlu' ease* f)f /he' elilKte'd aeiel, buth in thy coUWmd on warming. 
The conce nt rate'll ae’iel yie lels h\Mrogen in the cold, but sitl])hur dioxide 
is the mam ge^seous prod\ict ak.lWb' C.® There is no hydrogpn sulphide 
evolved.^ ^ , \ ‘ 

Hydi'ochU)ric aciu rea(|ily dissolves ireiv, hydrogen' being evolved, 
ferrous chloride passing into solution. Thee'hte of solution appears to 
. be doubled for each rise of 10'" C. in tem})eraturc for concentrations of 
ackb ranging from 25 to 216 grayis per litre. Increase in concentra- 

^ KUster, ZtvUch. Klektr^chrm., 1897, 3, .383. 

* Vloury, J. Pharm., 1887, (G)l 16 , 5^). 

* Lotlebur, Sidhl ihul Ktsen, 1887, 7 , 681. ® 

* Keir, Phil. Tran^., 1790, 80 , 359 ; WeUlar, Schu'ti^tPs J., J827, 49 , #70. For an 

account ol pa^my, soe p. 56. . • ' 

* Berthelof, Atm. Chim, Phys.,\m, (7), 14, 176 ; Adie, VroQ. Chern.^^.^ 1899. X5. 132L 
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tion of the acid likewise aceflerates the ra^c of solution, the velocity 
being doubled fdr each increase of 80 grains of hydrogen chloride per 
litre. The presence ars^nious t)xidc <*xerts remarkably rctartling 
effect upon the activity of yie acid.* ^ 

The action nitric acid up<m iron is IxdA interesting and 
involved.^ • , • • * 

When iron is dissMvid in acid of diiisily I tO, both nitrogcil^ 
peroxide and nitric oxide are obtained ift pto)>orlions varying M’ith the 
amount^)! solve nt. 1\ h% believ(‘«l that the nitric o\id(' is not a primary 
•product of the I'njfcti^n, but a scasuidan product foriued by ivductitni 
of the per(vxid(‘.=‘ * , . / ^ ' 

On reducing the density of tin* a^'id to 1 -.'tO. nitrous (.\idc* is J’orfticd 
in anVount equivalent to 7 j)er <i*‘nt. of tin iron dissolved. •^Vith ac:id 
of dfnsity 1 ■U.'i, the rtaeiion is furlhej eonij>lieated. nitroifen and 
ammonia })eing prodma-d : tijf fornn r gas rt'a<*]ies a maximum giy the 
case of Vicid •of density l lo. and then falling." •whilst th(‘ ammonia 
reaches a maximum with a("id ofihnsity 1 

In tin* case of tlfiT- very dilute acid Af dt nsity h ss than 1 08 1. solution 
is not ac*eonipai«ed by e\()luti«ui of gas, but uith tin* fcu'ination of ferrous 
nitrate a^id ammonium nitrate.^ *Ifaciri of density ranging from 1-084 
upwards to Ilia be emjJoytd, I In,-, resulting solution consists of a 
mLxture (tf l>rn>us nitrat(‘ and fernic nitrate-, tin- proportion of the latter 
incrcasiihg with the (^e-nsity of tin- acid. With acid of greater density 
than 1 -1 la, ferric nitrate- is the- mam proehn-i, and acid of de%isity 1 -88 
is there-fon- re-e-ornmeinle-el for the- jire-paration ed' this sail 

The fiurc. anhyeirous aciel, free* from nitrons ai id and diss()Iv(*d 
oxide-s ol nitrogen, is ^eithont ae-tion on pure (pialities of iron ^ even at 
the- hoiling-])oint. , 

In* nitric aeiel eif elensity 1-45 iron leinains" bright and refuses to 
elissolve.*’ Wln-n remove-el and imnn-rsed in»;(4ntions4)f^*oppe‘r sfllphatc, 
no change takes place-. In other worels. the- lue-tal h.isjief-n rendered 
“ neihle ’’ or “ passive.’’ •• 

Carbonic acid ae*ts on iroh. yielding fe•^^o^]y^ earbb^uite- or soluble 
ferrenis hvelroge-n^-arbonate', ainl e volving liyelrogen, 

Fed CO, i 11,0 FerO, ! 11,. , * 

•Tins re-ae-tie)!! proeye-els slowly but -fle adily in tln-'eolel, ainl is ae-eader- 
atcerby vigorous shaking and the: emplovmynt of irem tilings.® * 

Selenie aeiel dissorves irAn with the* [ireieluetion eif b rrous sel#nate, 
FeScOj, and a deposit of selenium whie*ly eeelle (<ts eufthe- surface e# the 
undissolved ^nefal, the‘’’cl)y greatly re-tafding the fe-aeti^m. No hydrogen 
is evolve*d, and the selenftim is pre;^umably t)bt;yned by thb action of 
nascent hvdrogei* upon the t-xeess of selenie* ae*id. ThuJ? : — , 

- CvTM II,Se?0^ 4H./> I Se. 

* • 

* Conroy, J.^oc. Chetn. Ind.^ 1901, 20 , .316. 

* Schenrer^estner, Ann. f'him. P^«., yJ69, (3). 55 , 3.30 j Af worth* and Armistrong, 
J. Ckem. iSor., 1877, 32 , rA. Hoe alao Mont«niartini. (JazzrtUx, 1892, 22 , 200. 

’ Freer and Kigloy^Amer. Chem. J., 1890, 21 , 377. , 

* Veley and Manley, Proc. Roy. Hoc., 1897, 62 , 22.3. 

**Koir, fhil. Trans., 179e), 80, 359; Wetailar, h ./.,*lS‘i7, 49, 170. Fof an 

account oCpaasivity, ace p. 55. _ 

* • ^ nnmo, Bull. Boc. chim., 1907, (4), i, 661 ; Petit, Compt. revt^., 1896, 123, 127<Pj 

• also this volumc^f p. 68. • • , • 
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The net result of the feaetjon may be represented by^the eiju^tion 

.3Fc+4ll2Se04-3FfSe04+Se+^H20. • 

« Chloric acid, both dilute and in concentrated solution, attacks iron, 
the metal dissolvin;,' without evolution of hycjrogwi, the chloric aoitl 
^be'infe reduced.^ ' • ^ ^ 

^ Aqueous hypochlorous ^icid slowly attacks iron, both hydrogen and 
chlorine b( ing evolved.^ * ^ 

I'he Action of Alk^dies upon Iron. — Dilute^ solutions*^ of the 
hydroxides of tjic alkali and i^lkalim* earth nictfl^s Aft* capable ftf pre-* 
serving iron for an iiuhdinite jicrfod from corrosion, provided they are 
kcj^t out of contact with carbon cdioxid(‘, etc. When exposed ,to the 
open a^, (he alkali is n^adily neutralised by vbsorption of carbon dipxide, 
and the iron bc'gins to corro^tle. (4)ne(aitrated solutions of caustic soda 
or |*f)tash (‘Xert a slight solvent aetion\upon iron, but they inhibit 
corrosion even whejf continuously exposed to the air, because' solutions 
of their carbonates at similar concent ratu)ps lik(‘wis^ihibit corrosion, so 
that the absorption of earlxju dioxide from th(‘ air is immaterial. By 
continued immersion in a saturateeh solution of sodiifm hydroxide at 
100° C., wrought iron is rendered britth* owing to the absirption of 
hydrogen. If,, however, the immersion is* still furtlu'r prolpngid, the 
metal loses its brittleness. It haS been suggested that tjie initial 
brittleness^ is due to the more rapid absorptioit of hydrogen by the 
amorphofls layers between the* crystals of the metal than by the crystals 
thcrpselves, vvhere'by a certain amount of expansion oeeajrs, forcing the 
crystals apart and w'eak<'ning their eolu'sion. After prolonged immer- 
sion, however, tin* hydrogen has had time to diffuse into tlu* crystals 
^ thcmeelves, and thus Jo reduet' the intererystallim' strain so that the 
britth'uess disappears. 

Wlbcii iron is inadt' tht'bmode in a eoneentratid solution of caustic 
soda or ptita^h, a low current (hnsity (about OOOl ampere per sq. 
ccnttrnctr(') lu ii^g employed, tlu* metal i,s oxidised to the alkali ferrate ^ 
and passes into solution. Sodium, hydroxide acts piore rapidly than 
potassium hydroxide, prol>al;|y on account of the superior solubility 
of sodium ferrate. 

When eleet^;oiyti(‘ iron fod is immerstd in concentrated solution^, of 
sodium or [lotassiurd hydroxide fot several wrecks, ^und, after thorough' 
Ideaning, allowetl to corr^xle in distilled water^ the latter gradually 
beco«ies contaminated with traces of soehum or potassium saltSj the 

g reSence of which' can de th tected by tJie speetro;>eo})e or by the usual 
lunsen llame tent.® Jsimilar reVults luivc been obtained ^with lithium 
hydroxide', barium hydroxide, i^nd ^vith ammAnia.'^ It‘appears probable 
that the alkali pehetrates in nimute quanhties into tlie metid between 
the ferrite' crt stals, posjJibly i!i« confttHjucncc of a certain amount of 
porosity in the intcrcrystallinc cement. Tto theory is supported by 
-the fact that iron which has been koaked in alkali invariably “ pits 

* HendrixBon, J, Amer. Ch^w. JStoc., 1904,‘'26, ^47. 

« Whito, ,/. Soc. Chem. ln^„ 1903, 22. 132. 

• 01 the order of 01 i)er cent. 

* J. H, Andrewj Famdnu Soc., 1919, 14, 232 ; 1014, 9, 310, 

* Hftber, Zeilsch. Jt’/rA'/roojWm., 1901, 7, 215, 724 ; IMck, ibid., p. 713. 

* Friend, Tmv% Chetn. Soc., 1912, lox, 50. 

V Peikins, Hid., pi 4 , 105, 102. < 
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badly when allowed to conrodi ; and pitting is dsually associated with 
electro-chAiical ictivity between the boundaries of the cryvStals,^ 

On boiling* pure •iron gently •in concejitri^tfd sodium hydroxide 
solution, ferrous oxide passes into solution, aiut upoii exj)osure to air 
axidation to ferric j^xide takes place.^ 

Fused caustic soda^nd potash, particularly uiukr the influciM'('*of 
pressutc, attack iron reftdily.'^ ^ ^ 

Between 550° and (K)0° (’. fused eauskc potash attacks iron appreci- 
ably, bift the libcrati(t|i*of hydrogeb or potassium of the formation of 
•waterdias not Ixa^n d#monstrat('d. VVh^it. therefore, the ))reeise action 
is, remains.imeertaln.'* ^ , * 

In the ease of fused caustic so^a between 100 ' and 720° C. €hi* 
evolution of hydrogen and tin* •formation of water ha\(‘ both been 
obserVed, indicative' of the production ^of a esnnpoiind Fe‘(^Nab.^ 
Since caustic soela e‘an Ix' tln^fernghly eh'hydrate'd at t00° (\ and pyder- 
goes no •^urth«r loss on he*ating to 720 ' the* formation of water on 
heating with iron e‘atine>t be fine' to simple' elie'ompositioii accoreling to 
the equation* * • * 

• 2Na()lI Xa.O 1 11,0. 

• • 

At wfiite heat, a(*e‘oreling to I)e‘\ille.‘^ ine'tallie sodium is ohtaiiK'el. 
Whe'ii* fill'd with soelium pe w>xi(f<', iron yielels daVk rc'd tabular 
crystals ftf the nionol^ydrate*. Fe',().,.ll,(), Density O S.'^ 

^y^assivity of Irop. In 1700 Keir^^lre'U atteniion le) the fuel that a 
piece OiTroin^lie n placed in e'ontae't with nitric ae'id e)f de nsity 1 '4-5, is 
rende'red inae*ti\e' e>r pds.sivc. It ele)e‘s md uppear elAsolve in* the 
acieP ; uhen plae'eel in a elilute' sedntion e)f ee>pp<'r sulphate* it does nod 
effect the* eh*pe)sitie)n of (‘e)pj)e'r ; and whe n immerseel in ordinary ^wat(*r 
it e'xliihits remarkable resistance tee ee)rre)sie)nt Anel this, in many ' 
cases, te) epie)te* the* weerels of K(*ir “ witlui^uj the* I(;a'#t (limim|rtif)n of 
metallic sple nelenir e»r oliange of e*e>lemr'’ (se e p. /)7). • 

Nitric acid is not the* only m<*elium which may he* ean^doyed fyr the 
passivifieatiem of ireen. Othe.*i^ae*i(ls such as e-hmmie,’^^)elie*,’‘ arseaiicd^* 
chloric, hydre)nii^ie,*'* etc., exe rt a*sirriilar ae*t*on. as alse) do mixtures 
of two or more acids or ae*iels anel e*(*rt;lln» salts, siie*h, li)r e xample, as 
sulphuric and nitrous aciels, or a mixture* e)f the^e* with pota^isium 
iioAtc, ete.^* Iron may alse) be* Mcndered [>assi*«^ immersion in 
aqueous solutions of nian^^ e)xidismg mc'tallie! sails sue*h as silvet 
• • • • * 

'^See Aitchison’s theory of the me'chaniHin of rorrosion, p. 71. • 

« Haber, loc. at . * • * • 

» See Ketjtner, fiuU. Hoc. chim., 18!l7. 15, 12.')0; (ir^vos, Pj^oc. Chem. Hoc., 1»03, 

19, 158 ; Venatfir, ('^m. Z/ it, 10, .'119, .^80. 

‘ Ijo Blaao anet Weyl, Per., 1912, 45 , 2.300» » 

® Le Blanc and BAgmann, 1909, 42 , 4728. 

• Deville, Aj^fChim. Phys., ( 3 )# 43 , 5., 

’ Duelley, ,4mer. Chem. J902, 28 , 69. 

« Keir, Phil. Tram., 1790, 8 «, 359. * 

* Atthough originally thought to l>e insoluble in nitric acid, this is not actually toe 
case (Farada>^ Experimenial RMearch^, sejpes viii., §§ 947, 998; Belek, DissettoHon, 
Halle a/s., 1888). 

*• Beetz, Pogg. Annalen, 1844, 62 , 234 ; 1844, 63 , 420 ; 1846, 67 , 186, 286, 366. 



at, ' • 

• *• When stirred (Turrentine, J. Amer, Chem. Hoc., 1911, 33 , 803), # 

Sohdobeiiii/’og^. AnnoAn, 1838, 41 , 42; DanieH, Phil Tram., 199^ 126 , 114. 
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nitrate,^ Jcacl nitrate, jfotassium permanganate, soluble bichromates, etc. 
Hydrogen percjxide })assivilies the metal, and a piece <5f clcafted electro^ 
Jytip foil may be immersed in a \farin, dilute isolutidii of perhydrol 
without ( vineing any sign of corrosion, ^ven although its surface is 
^ continuously svvepi with bubbles of oxygen due to ^le catalytic decora*- 
> position of tlie pea-oxide. Similarly iron may^i rendered passive by 
\nuiking it the anode in an electrolyte containifig water.^ • 

Oases, idso, may eaus^ i»on* to assume the passive state. Com- 
pressed nitric gxide is a case* in ])oint.^ The Vapours of eon(!^?ntrated 
nitric acid havijor nian^ years been known to i^t swTjihirly.^ • • 

Dry nitrogeS peroxide indifc^ck a more intense })assivity*than nitric 
aeiii when allowed to come into^ contact with iron- an obse rvation 
which ‘siijijgesls an explanalion for tli(‘ fact that iron is ()nly rendered 
passive by nitric acid which is cither y(“llow or red, whilst passive iron 
is actually rendered active by immer.don iii colourless idtric acid 
solutions. Apparci^Kly orily acids of such conecntrations*as au^* capable 
of yi(‘Iding mtrogcii peroxide- in contact with the metal arc able to 
exert a passivifying action. •This is further su])po!T^ed by the fact that 
by })assing iiilrogeii peroxide- into those concent ration.^ of nitric acid 
in wliieh iron is normally activf-, the hietal becomes passivT.^ 

Testing for I^assirift/, - According fo. Ileathcote',*^ iron may be 
rcgard(‘d as pdssivc when no ehcmu'al action can he (J^etVrtcd by the 
unaided eye alter immersing, shaking, and linall^- holding mohioidess a 
piece o( the metal in nitric acid o^'di-nsity 1 -20, at tlu- room temperature 
^ (15° to 17° (^). This is a preferable method to that of Schemhein,’ 

who employi’d nitric acid of de-nsity 1 -Jir) in a similar manner, because 
this latti r eoma ntration of acid is sullicicnt to n-nder aetivi* iron 
passive,® wlu-reas acid ol density 1 *20 does not do so, at the room 
* ternpth'afurc, * , 

It is imporViip to n^>tv this tem{)cratnre restriction, however, for 
whereas nitric acid ol (linsity 1 •250 does not render iron passive at 
0° C., yet if Hie temperature is raised to 10'" or above, the metal is 
• readily passiv itj^-d by it. 

Dunstan recommends as a eonVenient test for paVsivity the employ- 
ment of a 0-.''^ |)er cent. sohit*lon of copper sulphate. This solution at 
once d(‘posits a likn of eopp/ r on active iron, whilst the passive metal 
will remain, otttiiKvs Jor hours, ^iright and a])parently entirely ^un^ * 
/iffected. * ♦* “ r 

The action of distilledVatev on Iron iua5^ alst) be used as a test for 
pas^ivity.“ Aeti> e ire^n umnersed in it usually shows visible sighs of 

I * » " ' * 

It 

» Bcrunmnii {Opihadu Chnnm H rhifsioi, 1779-Ski3, 140. S^o alst) do Bonneville, 

J. Iron Itifit., 1S07, W., 40. SoiyloUtis {Hall. ch\m., ISOO, 15. «91 ; 1897, 17, 
•279) laid alroady'obsi'rvfd, prior to tho di.'^covory In^Koir of the'passivity of iron, that 
this metal dols natfprecipilhto A Ivor from oonei^ntrate<l aqueous solutidng of silver nitrate. 

• Rvinann, Her., 1881, 14, 143^. c 

® Vari'nne, Compt. nnd., i879, 89, 783 ; |880, 90, 99fi. 

• Ronanl, ibid., 1874, 79, 159. 

Young ami Hogg, J. Physical Vhem., 191,5, 19, 917. 

• ilealhoote, J. Hoc. Chem, I ml., 1907, 2<, 899. 

’ Schdnboiu, Pogy. ./laanfew, 1830, 37, ,390, 590. Compare Moad, Phil. Mag., 1837, 
(3), 10, 270; 1838, (3), II, 4A . 

• Faraday and Soh^nl)ein, P/tA. Mag., 1830, 9, 53, 122. 

• Young and HTogg, loc. cU. * 

^ Uimstan, Tr^. Cheni. Soc., 1911, 99, 1835. 

“ DunstiU), loc. cit, * 
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corrosion in fronj 8 to 10 minutes, whilst tlic passive metal may remain 
perfectly ori^t for an hour or more. AVhen, in this latter case, 
corrosion begins, thc^iction is vert' local for a considerable time. 

Passivity is also readily d(deeted ele(;lrieidly b\ the difference in 
fioteiitial bet\> cen,passive and active^ irond the tormer having a lower 
potential. This is a partjcularly eonvenieni nu^ liod of detCefina 
passu^ty caused by anodic polarisation. • 

\jlj0ame of Passn ity. S('\ (Tal theories tia\ e been suggc stc'd to account 
for pas^vity, but no^olu* theory .sullic<s to e xplain (‘Very case. The 
• probifbility i.s tlTtit several kinds of payivity exist a]||' that luit a few 
of th(' difhwent theories are corryet iif (•^ rtain cases. 

(1) The ou'lde theory^ apparently the first to Ik- suggested^ pd^tu- 
lat(\s the formation of a Hiin hfyer (»r oxiih* upon 1h(‘ siirftic^ of the 
metal, tlKTcby prot('eting llu' underlying jiortions from reacting. 
Such an action is not at aU^ uncommon. 'I'lius ordinary lead iifi well 
known fw n si^t a.tmos]»li(a‘ie corrosion by reason %!' t lie thin })rotectiv(* 
film of subo.^ide formed on iTs surfaeis Aluminium behaves similarly, 
and the dillicnlty of linding a suitabh^ sofder for llie nudal is comu'ctiHl 
with this oxi(l<* lay<T. The theory receives substantial support from 
the faef^that most passivilyjng agents an* oxidisers, and is in entire 
harmony^witli the fact that passivity ws a ‘•uri’acc' ]>li(‘ngmenon and can 
be rcmo^■(‘(f l^y iiHchanical processes or by heating in a reducing 
atmosphere’. f 

'J'hc ae’tion of per c(‘nt. ozone ii»lhe cold is a sensit ive Inetllod of 
detecting a lilm of o\id(‘ on a metallie surface*, inasmueii as a visilile 
deposit of oxide is immediately prodneed. Iron which has bwn 
passivified liy immersion in nitrie* acid or anodieally in dilute* sulphuric 
acid instantly reacts with o/.om*. shoxsing that its surface* is i'oatcd 
with a.xiele.'^ Active iron, on the* other hand. exTiibits no such se nsitive- 
ness towards ozone*, 'fhe* nature of the oxitlefls imeerlAin. It ffas b(‘cn 
suggested** that it is not likely to be higlier Wian IVO^. t>ut may bo 
PcOg. ^ • * ** . 

Excejition to Uiis oxide* the'ory,,lu)Wex er, lv 4 s bee n 4ak(‘n by Miillcr 
and Kemigsberger,^ on the* ground that tin n Heeling power eif iron, 
rendered jiassive anodieally \xhen imme rseef in alkalme* soiiition. remains 
uiyliinmed, xvhereas if a layer of oxide wefe forme'd ?in ^dferjition would 
•be cxpectejd. But^it is not necessary to post nbVf^ t be formation of a 
thicic layer of oxide*. If of merely mob enl;^* dimensions, it would still 
preserve the nnderlynig mvtal from iTttaek, whilst a I hicknoss*com- 
parable with that of the length of a liglij xCaw would be ne*cessj#y to 
affect the refle’cling pe weT.li * • * , 

• • • * ^ • 

^ Se?e Fl^ele*, Zahc/i. phyMhuL tifhcni., 7#, hc. • , 

* See vSchonbe'in And Far/ida^^ PluL .l/en/., (.‘bj9, ^3, 122 ^ t'b, 10, 175; 

Pogg. Anvalev, ^3li, 39, 342 ; Srlionbeirft ihid f lH3(y37, 3b3 ; 183(5, *38, 41 i ; 1838, 4Z» 
42; 1838,43, 1 ; 1843, 59, 14%421 ; IWl/,, loc. nt. ; von .VlartciiH, Prtgg. Anmtcn, 1844, 
6x, 121 ; Wetzlar. Schu'eiqgtr's J , 1827, Ifg, 47U ; 1827, 50, 88, 121); Soheiriliein, Das 
Verhalicn des Ei^ens zum i8:{7). 

® Maucholf Bcr., 1901), 42, 3942. 9 • * • 

* Bennett and Bumhani, Trona. Auicr* EUclrocht in. Sim'., 191(5, 29, 217. Seo Also 
HaJber and Goldschmielt. ZdUvh. Elrkiroch m , 19fK5, 12, 414i 

**VV. J. Muller and Konigsberger, ZeiUrh. Ehktrocl^ tn., 1907, 13, 059 ; 1901), 15. 742; 
Physikal. iStitAeh., 1904, 5, 415, 797 ; 1905, 6, 847, 849 ; 19(M5. ^ 7«0 ; Muller, ZeiUKh. 
Elektrochem., 1905, IX, 823. . ^ 

' • See Findlay, Ann, Chem, Soc.^ 1907, a, 28; abo Krama, Zeitsch. EUk^- 

chtm., 1900, 15, 490, 98^ wi<b the reply of Muller ana K5nig«berger, ibid,* p. 742. 
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On the other hand* wh«n highly polislied iron rod^are immersed in 
concentrated nitric acid a visible dulling usually ensues.^ This is 
exactly wliat might be anticipated irf accordance frith the oxide theory, 

• inasmuch as such [)owerfutoxidiser might easily induco the formation 
of a suhieient thickness of oxide to be visible. 

\ *(;?) Gaseous Fflm Theory.- -It is well knowi! that gases frequently 
dhere with extraordinary tenaejty in tin? form of thin films to solid 
surfaces, and it has bi'c n sugg^ested that some such gaseous film is the 
cause of the jai^sivity assumed by iron in certain cireumstanePs. The 
film need not n^eessarily bt‘ (^le of oxygen, although in, perhaps the* 
majority of eas(‘s Ihis may be th(‘*pre(lom inant gas.^ Nitric oxide ^ or 
nitrogen ^ gas may likewise induee4)assivity in this manner. 

It ijiaf b(‘ pr(‘sum(‘d that whilst ^asergis films of widely differing 
gases may in tfie main Ix'hav^* aliki*, they will yet show minor differences 
or (‘«c^‘ntrieities in their behaviour. ATi explanation is thus forth- 
coming for th<‘ differfmees in th(‘ behaviour of irons passiv-tfied ki various 
ways. Thus, lor (‘xample, iron that luis been rendere^l passive by 
anodic jiolarisation in sulphuric* acid diVfers slightly from tliat pas- 
sivified by immersion in c‘oneentrated nitric acid. *111 th(‘ former 
ease it is ther(‘fore [uisnined 'that tlu' putal is covered wi^i a film 
of gaseous oxygen, but in the* latter with a lilm of some oxide of 
nitrogen.'^ * , * 

This, lik(‘ the oxide theory, has much to IreeomnK'ud* it. An 
explanation is afforded for the swperheial nature of passivity, ami the 
theo/y also (iffiTs nil ex})lanation for the passivity induced in certain 
cases where oxygen cannot be the cause. 

A close eoniu'ction has been found to (“xist Ixtwein passivity and 
, phot()»ele(‘trie Ix haviour. Thus dry, active iron is found to (‘xhibit a 
considerably liiglnr plioto-<‘leetrie activity than the mctnl renderi'd 
passiviwby immfTjfion in robeent rated nitric acid or by anodic polarisa- 
tion in dilifle,snl|)hurir acid ; and this is regarded as supporting the 
,gas(Hms film th('^>ry.*‘ 

(tj) Physicah Theories. S(‘V(‘rai tluMiries have Ixxm put forward 
according to which the plunqmena of passivity are due to a physical 
chang(‘ in the*superfieial lalers of the iron. What the preeisi' nature 
of that change yiaj^ be remains a matter ot controversy. ^ 

According to solin' authorities^ passivity is the normal state of* 
^ure iron, the metal oply Ivi'ing rendered aefive by the jiresenee of ^omc 
catalyst, su(*h as hydrogen or In^lrogc'ii ion.f, whien increases its solution 
pre^ire. This viVw’ rfee^n'^i powerful sup|M)rt from the exjieriincnts 
of Lambert and *Thomson,* wh^ prepared .specimens of exceptionally 

• M ' • ' * 

* Heathcot£‘, Chem. 1917, iiS, 899. • • 

• See 96 , 498 ; de Ropion, Comp/!' rend.y 1874, 79 , 299 ; 

Multunimn and FrauonlH«rRor, ZeiUfh. Ekektrof^m.^ 1904, lo, 929. 

• Mouaaoii, Eogg. An?i(tleK, ISllO, 39 , 330; Varcnn^*Cnwpi. rrnJ., 1879, 89 , 783; 
1880, 90 , 998; Ann. CAim. Phy^., 1880, (if}, 19 , 251 ; 1880, 20 , 240; Fredonhagen, . 

A phystiMl CAem., 1903, 43 , 1 ; 1908, 63 , 1 ; Zeit^ch. EUktrocAenm, 1905, ix, 857 ; 

1906, fe, 797. * t • t 

♦ St Edm«^, Compt. rend., 1861, 52 , 930; 1888, 106 , 1079. 

• Fredenhagtm, loc. cit. « • 

• H. S. Allen, Proc. Hoy. 80 c., 1913, A, 88 . 70. , 

' Foerater, AbAfntd(hngen der Bimsen Ot^aeJlschaft, 1909, No. 2 ; Ounv^rZeUibh. physikaL 
1911, 77 , 513. See also Ader, ibid., 1912, 80 , 385; and Lo Blanc,* 

1904, PT 183. 

* Lambert abo 'Biomaon, Trana. QAmi Soc,, 1910, 97 , 2126. . 
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pure iron by metiiods already Indicated (see p. 34^ and found them to be 
remarkablj^ inert or passive. 

Other investigators ^ have suggested allotrgpy as a possible cause, 
a layer of passive, allotropic metal being^ formed in contact with the 
passivifying rcage|^t. This, however, is sinipl} siitstitiiting another 
name for passivity inafihmeb as no (explanation of thts type of alIotr<»py 
is fortkeoniing. If this 'allotropy is due to a rearrangement of the atomS^ 
in consequence of change of valency, thts flieory is t qui valent to that 
of Krii^r and FinkeVi^ein,^ who regard on^inary j^etive iron as the 
tferrowi or diyah^it varkdy, tlui passive^mtal being ^rie or trivalent. 
Since valency is ah elcetrieal pjienoiiv'iion, the valeifty hypothesis is 
equivalent to assuming an eleetrit*a|^(lifferenet‘ bt tween the active ftnd 
passive metal. This is the J)asis€>f Muller’s theory. • 

Ah attractive hypothesis is that of Snqts,^ who inclines to the vibw 
that iron contains, in addition to uncharged atoms and free ele^tj*()ns, 
two kindiJ of k>irs, a and which differ in tlieir Naetivily, and wlik’h 
are in equilibrium with one afiother. Thus : - 

, 

The production of the passiv(‘ state* is*attril)n(ed to a distnrbaiu’e of 
this cquilibriuin. During aiiodie polarisation of iron the more reactive* 
or a ionfi ctissolve with greater* raj)idity than e(|nifd)rinm can be 
established, with thcfesult that an excess of “ noble, im rt, or passive 
P ions colleets on the surfaeT of the nn'tal, tending to n nde r k j)assiv(*. 
This explains why j)assivity is pur(*ly a siirfae^e phenomenon. Hydrogen 
ions, like halog(*rts. are assumed to (*atalytieally aee(*lera1(* tin* eoiUTfsiou 
of a into ^ i(ms until (*({nilil)riiini is r(*-e*slal)lished. 

Whe'n iron is immersed in a passivifying reagent such as nitriy acid, 
not oijy do the a ions dissolve ^\ith grv*at ra))idi1\ ; hut the acid, being * 
a powerful oxidiser. epiiekly r(*niov(*s any Jiydrogen* ions fr^^m the 
surface of the* metal and thus reduces the tendvney for ( (^ailihrinm to 
be re-e!StabIisfi(‘d, and the medal again becomes thon)nLddy.passive. 

If, now, the current density is^inenasi'd snelr^in ext(*nt that* 
oxygen begins tef be e volved at the anode , all the* hydrogen ions, 
normally pre*sent in ordinary iron, wdl bc^e*f)niplete]\ ( \| 4 ([‘llcd from the 
surface of the metal, ^the tendency for reversion to ^-(juilihrinm of the 
^ iSid p ions being re'dueed to a imtimum. In ot^fT r wkirds, the metal 
is rendered thorougTily passfve. • 

If, on the other hailed iron is imiflerseei in a soluuon of ferrous ^ 
chlejfide, although the* a ions rapidly dissoh^- f*assivity is not induced 
because the ehhfrinc and hajogAi ions lapidiy n'ftdjnst^ the equilibrium, 
and the iefns never accfimulate* in'snHieie nt excess on the* metallic 
surface to ^roduc^ passivity# * * • • 

Iron whiej^.has been pa^sivififd anodieallf cfcn be ^renckred active 

^ See eflpecially Keir, loc, cit. *Senderen»,*/^?/W. Soc. rhim., 1896, {.'i), 15 . 091 ; 1897, (3), 

17 , 279 : de Beni^ville, J. Iron Hteel InM., 1897, II., 40 ; Hilterf, Zeilsch, phydikal. 

1898, 25 , 729 ;,1899, 30 , 481 ; HHK), 34 385^ Ze.itsch. EUklnKhem., 1808, 4 , 482 1809, 

6 , 6 ; 1900, 7 , 168. • 

* Finkelrtein, Zeiisek. phynikal. Chem., 1901, 39 , 91. , 

* W. J. Muller, Zextach. phy/»kal, Chnn., 1904, 48 , 577 ; ZeiUtch. Elekfroch^m., 1906, 

XI, 76&, 8234 Fredenhagen, ZeiUch. phystkal. Oiem., 1^8, 63 , 4. * * 

* Smito^Proc. Jf. Akad. WeUnsek. Amsterdam, 1913, 16 , 191. See also Smiti and 
Kobry. iUmyn, ibid., 1917, 19 , 880 ; Smits, J. Soc. Chem. Ind., 19id, 35 , 91W ; Snritti* 
and Aten, ZeUsch^phifsikal. 1916, 9 a, 7 ^ ; De Hgenieur, 1916,jp. 367. 
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by the introduction o*f halogen ions; the electrtfysjs of a mixed 
solution of ferrous sulphate and chloride passivity can oe made a 
'periodic phenomenon. ^ • 

From tlic fore<r()in^ it is evident that widely ^ver^ent views ape 
. he1d*as to the eafts(‘ of passivity. For fyrthef particulars the reader 
us referred to the snbjoim‘d refergnees.^ * • 

An instructive series of*pa))(Ts on passivity was read at the general 
discussion on Hie.sulijee^ he ld by th(‘ Faradaf iRoeiety, NovcfViber 12, 
1018. The pa]»rs are print e^ in tlu* Transactimns* ^ the Society foi* 
1914, vol. ix. • • . * • 

• 

Propefties of Iron Powder.- Irmi p(^wder, as obtained by the 
reduction of ferrous or ferric salts, is considerably more eheiuically 
reaej^-we than the eomjiaet metal. Thus, \|ie powder obtained by refluc- 
tion of iron oxide*, f*arbonate. or oxalate in a current etf hyJrogen at 
440“ C. is jiyrophorie, becoming ineanele‘T»ee‘nt n]>on expe)sure‘ te) moist 
air. It de’ee)mpe)S('sae‘e tyle-ne*wirti ineanefe‘see*ne‘e\ de peisiting free carbon 
and yie'leling small ejuantitie.s of bear/e ne-.’ Keelnea'el iiilm {d)sorbs some 
2 per ce'iit. e)f nitrogen at atmei^pherie te inpe ratuie*, the solubi|ity of the 
gas being propprtiemal te) the* sejAiare* reieit (d‘ the* pressure*.* Aeceirding 
to Sieverts, Kahlbaiim's redue*ed irem absorbs uitrogei^af ttrto ’ C., and 
this is quantitative ly reh aseel on e'oeiling."* t * 

Whc’if maintaineel at OlO"" to ('. te»r about torty-e ight hours, pyro- 
phoric iron is^tnuistormeel inte> the ne)n-pyre)phoric form, tlie* change* being 
accompanieel by an inerc'ase* in volume. “ Pre)ba])ly the ])yrophoric 
form consists of a mixture* e)f me)l(*e*ules of different kinds which arc 
not iu a state* eif eepiilibrium. 

Nitre)gcn })ere)xiele**is ele*e'e)mpe)se*el bv n*due*eel iron at the opelinarv 

t • • • • 

» Smitu ayd Lobry do Hruvn, /’/m*. K. Aktul. llf/fz/sr//. A HIM), 21, 382: 

1910, I 8 , 807. • 

^ “ Fcohn^r, Srh(jui(iga\s 1828, 53 , 120 ; IS.'lO. 59 . 1 13 ; l^oyg. Annalcn, 1830, 47, 1 ; 

Braoonnoi, Aim, (Jim,, 183.3, ( 2 ). 52,^80 ; logg. Anuulni, i833, 29 . 174 ; llersehel, 

Ann. Chim. Phys., 183.3,(2), 54 , 87 ; Pogg. AnnaUn, 18.31, 32 , 211*; AndtrwH, Phil. Mag., 
1838, II, 305 : Pmc. Roy. Soc., 18^)0f49. 181 ; von Martens, Poifg A/mfihm, 1812, 55 , 437, 
612; 1844, 61. I 27 ; Sohourpr KvHliK'r, Ann. PhyA., IS.'iO, (.3), 55 , 330; Heldt, 

J. pralil, Chen,., lSt).3, ^o, 107. 257 ; 1)rdv\ay, .\,n<’,. .1 . Sr, , iSlii^. (2), 40, 310; I’liondiuson, 

J. Chem. Soc., 1800, 227^25; h* lllano, Zri^^rh. Ehktrochrm., 1000, 6. 472 , 1005, ii, 705^ * 
Otstwald, xhiil,, 1001, 7. 035; Aiihri,. phy.'okaL Che^ni., 1000, *35, 33, 211, He^e^hootc, 
Zdtach. phijAiknl 1001, '*^7, 31^8; Muj^dan, ZiMyrh.J'Jl, Urorhrm., 1003, 9, 442; 

Sac^r, ibid,, 1001, lo, 841 ; 100(», 54. 011 ; 1008, i470O7 ; K Mullvr and Spitzor, ^itsrh. 
anoff, Chem., lOOei, 50. 321* (3^rd.v^ and (dark, J. .l»if». Chr,,,. Sor , 1900. 28, 15,34; 
ZciUch. Eleklrorhon.^ I00«i,*i2, 700, llnlivr uial* MaOlaml. Ihul, lS07, 13, 309; Faust, 
ibid.,p. 101 4 llyoi-s, .4 w»t. e^rw. 8V.,«100S, 30. 171.'^; Khiu\\io'^n\iy,*S,vrnth Internnt. 
Cong. Applied 10(19. Svrt. X. ^0 :»Alvan‘7,, ^rihrh. KIrkborhi),,., 14)09, 15, 142; 

Bvera andi^arrin.j/. Amer^Chrni. Sor ,1910, 32, 7.50^Schoo]i an<FKandolph, J. Physical 
Chem., 1910, l4,*Tl9; Idauc* and Koidj, Zeif^rh. Ehk^iorhem., 191 1,* *8, 335; Zeilsch. 
phymktti. Chem., 1914, 88. .307, iftiO ; Turirntmc, J. Chrm. Sor., 1911, 33, 803; 

Byers and Morgan, ibid., p. 1757 ; (Jrubo, Zi^tjtrh, Elrktfochrm , 1912, 18, 189 ; Byora and 
L^gdon, J. Amer. Soc., 1913, 35. 7.59, 2004 ; 1910. 38, 302 ; M‘l^od-Hir>wn. Chem. New 9 , 
1913, •107, 15 ; •Hanaman, DtAsrrtation, Teeji. Hwhwdiiilr, Berlin, 1913 ; l^athert, ZeitscK 
phytihal. Chem., 1914, 86, 507 ; Foorster antlfo-workera, ZriUHch. EUklrochem., 1916, 22, 85 ; 
Stawnhorst, Zeitsrh. physihd. Chem., 1017, 92, 2.38. 

* Moissan and Moureu, ifvU. Soc. chim., 1890, 15, 1290. 

* Jurisch, Stahiuini Eisen, 19i4, 34 , 252. ^ 

* Sieverts, Zeitech. physikal. Chem., 1907, 60, 129. 

* Smits, Kettlter, andde Gee, Proc. K, Akad. IFeirtwrA. Amsterdam, 1914, x 6 , 999. See 

^ Smits, tm, 1^13, 16 , 699. • • ^ ' 
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temperature, th^metal beconfing incandescent and yielding a mass of 
ferric oxid?, Nitrous oxide is reduced at C.. and nitric 

oxide at 200° t., ferrdljs oxide resiMting. . 

Nitric oxide is almost quantitatively eopvert d injo ammonia when 
rwixed with hydrogen and passed over the wariiu d metal. ^ The reaction 
begins at about 800 ^ C.,*aml js very rapid at 850 ° (’. ♦ ' • • 

Wlftm heated in a eoAtinuous eurreyt ofearluai nuoiioxide at 050 ° C.,^ 
a considerable quantity of carbon is depofitctl. If, liowi ^ ( r, tlu' carbon 
monoxic^i is admiltedVb a closed vessel eonl^iining heated metal, 
%bsorj>tion of tl*e* giis takes j)laee, i)(^ssibly with tke formal ion of 
eemcntite--^that is, ’iron carbide, ♦ * 

In contact with air and water powder readily rusts at ordinary 
temperature. Wiien warmed with water, hydr(>gc u gas is •evolved.® 
Dilut? solutions of sodium and potassiiim^hydroxides ari' deeoflijiosed 
at their boiling-points in a /imilar manner. Under the inlhu'inje of 
genth' hfiat ir^n powder di'composes steam-- a refW'iion that has been 
recommended as a nuxst col^'(‘nient one for rajiidly obtaining small 
(piantities of pur(‘ liydrogenT"* The*gaT> is evolvc'd at eonsidiTably 
lowH'r temperatires than wIkii eoinjiael, iron is used, deeom])osit ion 
proei'ediug slowlv, in the prc'sence’of Katilbauni’s reduced iron, at about 
250 " CJ> 

Finelyf di^ijed iron deeonqiosi^s suljihurie acid of dtnsity 1-75 at 
200° C., ^^ielding sul|)4iur dioxide.'' 

It is spontaneously inllammabh* 41 ) sul])lujr vapour, tin? ignition 
temperature lying below i hS ' U.‘ 

The c‘xe('j)tionaliy pure l•(‘du^•<‘d metal obtained by Lambert® ’and 
Thomson [lossessed se\ eral unusual pro{K rti(‘s. Thus, it (exhibited 
remarkable inertness or “ passiMl \ ." remaining free* from rust, upon 
prolon^jed exposure to air and tajiwaler. ' * 

Cold, dilute suljiliurie and nilrie acids h*<kvery litth a(‘tioi)Jon tjie 
metal, but on wanning the iron nadily dissoha^l, Aqn('<»i^ hydrogen 
chloride attaekrcl the metal (\cn in the cold. Saturatul lidutioiis of 
the sulphate or nitrate of eoppiV exejt(d no aetmn at oi^inary timipera- * 
tures ; even aft('f an exposure of se\ eral months to eojiper sulphate 
solution, no change could b(‘ delected in iron when (svimiiu'd under 
the nueroseo))e. On^raising to 100 C., Jiowa v ( r, ^he iron gradually 

••lis*olved, copper being simullam outly deposited. ^ 

SMutions of copptT efiloridt*, uh<n fs)nct'ntrated, iinniediutely 
attacked the metal. (U|)osifii^r copper. •I’iva n dilute solutions (lessjhan 
oncTfier cent.) attaek('d the iron, allhough^slo^vly. » 

Copjier W'as fllso deoosited rtn th(‘ i*ietal if tlfe laty*r was subjected 
to pressure fn an agate mortar pri(ti- to beiiig ylaceil in (pile copper 
sulphate sftlutioii^ Pressures with a (pnfrtz rod whilst iiamcrscd in the 
solution had t^Jike effect. ^ •'>*' 

' Sabatier an<l Senderens, Cnmjtt. rtn/l, ] ^4I2, 1 14 , 1 12!) ; 1 K!)2, 115 , 237 ; 1K9.5, 120 , 618. 

® Adhikary, Qhern. New/i, 1915, 112, 193, 

* Hall anti ^uibourt, (Jmclm KraiU^n. 390; Uatnann, lii r.y 18SI, 1433; Riniio, 

Oh^m. Weekblad, 1907, 4, 291 ; Friend, 7. Irbn Steel In<st., 1908, II., 5. 

* Biraie, Chejn. Zenlr., 1907, I., 1771. j 

® Friend, J. Went Scotland Iron Steel In fit., 1910, 17^00. 

« Hart, Bullish Patent, 13950 (1885). ^ ^ 

’ Obma^Mi, Chern. Zentr., 1911, I., 458. 

• ■ Lambert and Tbomson, Trans, Chem. Soc., 1910, 97 , 2426. 

* Lambert, ik^., 1912, i(ft, 2056. 
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These remarkable results might be attributed to ajairn of hydrogen 
protecting the metal in the first experiments from atJacK in copper^ 
sulphate solution, the iilin being dfl>rupted in tfie later experiments 
t by the pressure but spceiyiens of the metal which had been heated 
for s(;veral hours* at 1000° in a vacuum, until^^pectroscopic teste 
. shhw^ed that all hfdrogen had been remov^'d, bldiavcd in precisely the 
^saine manner. • , * • 

When tlu‘ pure metal was* treated with ferroxyl (see p. 72), unlike 
ordinary iron, rt riinaine;! tpiite bright for an ifidcfinitc time, rfianifest- 
ing no teiuh nei^ to corrode. /)n a])plying presnurt* 4ocaJly, however,* 
corrosion srt in, a pink colour •devel<y)ing round the press^'d portion, 
and Turnbull’s bhi(‘ apjiearing rt^mfl the unpressed parts, indicating 
solution th(‘ metal. • ^ 

Iron sponge is jmKlneed^eomnKTeially, notatily in Sweden, whence 
it wg,v« prior to the* (ireat Kuropcan War,Vxporte(l to Germany for use 
in open-hearth sleeblnanufaeture. Th(“ proei ss consists *n lu'^ting iron 
ore and coal plaecal in alternate layers fii a vessi l sealed against the 
entrancf' ot air. 'riu* source* of* heat is*pr(Klueer gas made* from an 
interior typi' of coal, atul the \(‘sst‘l is sueeessivtjy hc^tted and cooled 
lor Irom live to seven days.* 'fhe maximum tem[)(‘rature ^ attained 
during the heytings ranges friyn K) 1200° C. The resulting 

spongy iron consist s of ajiproximately * ^ • * 

t .... 96 to 97 * per cent. 

Sulphur. . . • . 0-01 to 0-02 

• Hiosphonis . . 0*012 ,, 

Silica .... 1 -J. 

Spongy iron acts as a powertul reducer towards organic matter 
dissolved in watia*.^ * In som<' eases marsh gas is producedi. The 
organi^ nitrogen h in nea,»’ly all eases reduced to nitrogen.*’ 

Iron nmal^ani (‘am,Hit lx* obtaiiusl by direct union of the elements. 

^ By introdwdion of a I perec'iit. sodium amalgam iido a concentrated 
solution of l<*r(^us suljihate an inpi an^algam is obtained as a viscid 
mass, which is attraeteu by a magnet in small pelli t^. It may also be 
prepared by triturating powdered iron, mercuric chloride, and water. 

A more eonvenieirt nudhod^ pcThaps, consists in electrolysing with a 
very weak current V saturated sol»tion of ferrous sulphate. A burfdk* • 

iron ^vi^e serves as anode, whilst the chthodc Ainsists of plaHiium 
foil Jippiug into a small (iisli of mercury. « The iVoii amalgamates with 
thecnercury, and at tUe i<ouelusion of the process excess of the lAtter 
element is squeezed (Ait, leaving an aftialgam of buttery coiisisteuey 
and containing from 10 U 12 per Nmt of irorm** # ** 

Ramann ^ K^couuheruis addition of a small quantity of tvater to a 
mixture oi? sodKim aifial^ani and fingly dif^ided iron. i|^hc product is 
squeeih.d to remove excess bf iiuTcury, a crystalline amalgam being left 
which contains 15*75 per cent, of i»on and corresponds to the formula 
amalgam blackens both upon exposure to &ir and water. 

• t • 

^ Handy, Froc. Eng. Soc. Western 1913, 20, 1. See also StaJU und Bisen, 

1912,33,830. ^ . 

* See exporiments by Hatton, iPrans. Chem. Soc., 1881, 39, 258. 

* See this aeriest Vftlume VII. t 

* Jottle^ MeM.Manche^ter Lit Phil. Soc., 1865, (3), a, 1 15 ; Fowler, TransU^km, Soc.. 

ie01» 79, 290. ^ ^ / 

» Rwnann. 1881, 14, 14331! 
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heated, melcury is expelled, and a porqus tfon left behind. Upon 
slow oxidaflon inW ferrous oxide is produced.^ 

Colloidal Irdn, to^(<d^hcr with a jmall quantify ferrous liydroxide 
and a ferrous salt, is obtained by elect rolysincf a solution of })urc gelatin 
a^d a dilute solution of an alkali chloride or Miiphate between iron 
electrodes.- The sol rAeinbles those of lead and Usnmth in that •it 
bi‘ars a positive charge.* The rnajoritv of lueiallie .sols, on the other ^ 
hand,^fir(‘ negative. * • • 

Colloidal solutions fy‘*iron in < ther have been ohtjgiu'd ^ by allowing 
sparks to ])ass hoiweei^ iron ^^ire clippings iinnierstd iiuthat liquid and 
* connected uj) with An induction eojl. • , • 

Pyrophoric Iron. — Mention lia?! ajj^eady Ixen made of the fart that 
reduction of iron (txide, earboiiat(‘^* or oxalate ’’ in a current ofAydrogen 
or euH)()n monoxide results in tin' formation of a very ])ure iron*iu the 
form of a black powder, if athe tem|>erafui\‘ is ki j)t low throughout 
the exjiefiment " uamely at aoout t.Sa ' C.. tlie rcVdtmg iron powder, 
usually contaminated with nftire or h'ss I'l rrous oxide." is ])yrophoric, 
becoming ineifndeseeiit when Exposed to flic air in eonsc-quenee of the 
heat set free* by ilie rapid oxidation of the metal." Comjih te reduction 
to metallic iron at this temperatfirt', hftw<'\er, is exceedingly slow in 
taking pl?iec*. Ferroiis oxidi V first (grmed, and it was not until the 
passage of l^alrogen had Ix'en e*>ntinned for ninety-six hours tliat 
Moissan ^Vas, m Ids experiments, abb' to obtain the iron (iilirely free 
from oxide. At (100° ('. the react ion ^iroceeds fairly rapidly^ but tin* 
reduced iron is not pyrophoric. 

Pyropliorie iron decomposes wate'r rapidly at 50° to 0(f° C., and its 
action is perceptible even below 10" C. Its ri‘aeli\’ity .'ijipears to be 
independent of the pixse iiee of oeehided gases or tin* ])re cnee of eaj'bon, 
and toja solely dependent upon ils line state of tfivision.^ 

Iron as a Catalyst. Metallic iron can, inK*fc‘rtain (lircu instants, act 
as a catalyst, in this respect resembling, albeit feebly, the more noble 
elements of Group VHI. of the Periodic Table, llius, *f(iiiiii'xample, 
iron assists the ])roduetion of ahmioyia from a giixture^f nitrogen and 
hydrogen at S00°*to 1000° (.'. under a j)ressiire of 100 atmospliercs. 
No ammonia is obtained under tbes<‘ conditions in a porn^lain vessel if 
iron or any otlier catalyst be excluded.® • • 

•• ^Vhen reduced iron is heated wit4 certain nitn^nous organic sub- 
stances and metalli(^ sodium* a ( yannh' is fonued, the iron ajqmn'utly* 
acting as cataJyser, beiifg alt*e«iately oxid^ed and reduced. ' The presf lice 
of pdtassium cyanide in blast furnaces is thuscei^lily aeeountetl for# 

Metallic iron*sometimes behaves an a negatife vaialyai. Thus, for 
example, the^ictivity of palladium as*a hydrogen ^'arrier is reduced by 
contact wifli iron, ^whereas e#balt an8 iilt’k^*! exert no*sii#h influence.^® 

1 F6r6e, Bull. Hbc. chim., 1901,(3), 25. «15. • 

* Serono, Arch. Farm, sperim^ 1910, 9, \ft2. 

* Sverlberg, Btr., 1905, 38, 3«l0. • 

* Zangerle, Re^. Pharm., 1857, 6, 27. 

® Birnie, Ch§m. Zentr., 1884, p. 85 ; Moitwnn, vide infra, * • 

* Moii»8an, Traite de Chim%e Minerak, 1905, vol. iv. ; Ann. Chitn. Phys.^ 1880, (5), 

ax, 199. • • 

’ IJjiw is made the basis of an effective lecture eiqieriment. See Newtb, Chemical 
Lectures xpeutnenie (Longmans), 1910, No. 380. * 

T * JeUinek* Zeitack. anorg. Chem., 1911, 71* 121. 

^ * Reinsen, Amer. Chem. J., 1881, 3, 134. 
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Iron Ion8.- traiis|,ort numbers Snd mobilitici for iron' ions at 
infinite dilution i/i solutions of ferrous and ferric chlorides A'spectively 
are as follow : ^ • • 



■ 

- A 

• 

Transport 

Nuiul|i!i'. 

• Motility. 

• # 



1 

l^'i’iwais ioi4 ' . 

O'lU 

4(1 

t'^rie' ion “ . • . 

()'80(i 

r y& . 

• • 

i* 



The fejri<*ioii appears to he less hydrated yian the ferrous ion, whicli is 
associated with (iO juoleeuh'^ of water. 

4^niic Weight. Appioxirnatc Atotl^c Wei^lJti. That the atomic 
wei^rht of irt)n is a])p!‘o.\imately 5(>. and not a multiple oi'^submultiple of 
this amount, is indieated hy various considerations. 

1. The mean sjic'cilie heat of iton is approximately 0 1 10. Assiimiiiji^ 
a mean atomic lu'at of (M, tlu* .atomie wei^dit of ir^n, according to 
Dulon^f and Petit’s I.aw, is ap[)roximately .> 8 . ^ 

*2, As alrea^ly indicated,'^ irov closely n^embles man^mnese in many 
of its chemical propertic's, and the thfes' elements iron, e(^b[llt,\ ind nickel 
constitute' very littin<f inti'rmediaries betwe'i'ii nfinijanesc' aitd eo})per. 
Keb'reneV to the Periodic 'J’able/ shiovs that the' onlv manner in whie'h 
this^ relatiou'phii) can be harmomsi'd with tin* Ih riodie La\e is to assume 
that tiu' atomic weinhls of these three metals lie betwee n 5t 08 (tlie 
atomie' we'i^rht of mani^amse') on the' one hanel and 08 '57 (the ate)mie 
wei^dd of e'opper) on the* e)ther. 

8. Ke-rrie sulphate'' \ ie lds, with the- sulphates of the' alkali nu'tals, a 
s(Tie's ,of well-deTmeel o”\*e.talline' salts which are- is()morj))eous with 
similar se i^e's^ n ie'lele'd -b}' aluminium sulphate*. Hy the' applie'atiem of 
j Mitsfhe'i'Kyh’s Law, tlu're'fore, analo^rons formula' are to be anticipated, 
so that the gem'ral for^yiila for the-^e iron alums is 

M,>i(\.Fe',(SO,)j.-2tIL(). 

Analyses of i luse^e'emipounds indie'ate' tlait the atomie* wei£,"ht of ^ron 
is 50. ^ ^ • 

* Exact Combining and Atomic ]V eight. The e*arly deter- 

min*itie)ns e)f the' atomie' weight e)f ire)n ofSu) present \alue, and 
littKs nee'el be said ewinceryin^ them. Me)st investinateas ctmsT* to 
determine the e^)mpe)sitie)n e>f (H iTie e)3tiele; ; AVaekenroder,^ Svanberg 
and Norlin,^’ Krelmai^i ai^el Mare'liaiidp and itivot ^ wea keei by reducing 
the weigjied ej^xide te^ metal in*a stream Of liydre)geifc while* Her/.elius,'’ 
Maumcne,'^'’ anh also Svihiberg jjnd IV'orlin \ converted ^Jknown weight 

^ Mfti'inkovid, MonaUh., IS)15, 36 , StJl. ^ 

* Hopfgartnor, ibid.^ p. 751. 

* See this \^)lume, Tart L, Chapter I. ^ 

• See Frontispiece. * 

^ Waokeni'oder, Arch, Pharm., 1843, 35 , 279 ; 36 , 22. , 

• Svanberg anei Norlin, Anaej/ra, 1844, 50 , 432. 

’ Erdmann anel McreOiaiul, Aflttakn, 1844, 52 , 212 ; J, prakt, Chem,, 184^, 33 , 1. 

• Hivot, Annalen, 1851, 78 , 2l'l. 

* Beraeliaa, Btrxfliiis* J fresher,, 1844, 25 , 43. 

Maumeni, Ani», Chim. Phyif.f^iSdO, (3), 30 , 380. 
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of iron into^fe(ri<f oxide by ondation. The^ results are summarised 
in the following.tnble : — ^ 


• 

• 

• 

Per cent, of 

Atomic Wt. 

]3ate. 

Exporihuontgr. 

. • • 

Method. 

Iron in Ferric 
Oxint*. 

of Iron 

(0-16f • 



* •' • 



1843 

Waekeuroder .*• * . 

Reduction 

, 09 088* 

55-97 

•1844 

Berzelius .• * • 

Oxidation 

70-02(4 

50-05 

If 

Svanberg aiul Norlin . , 

1 

09-9.5;? 

55 -SS 


•induction 

70();35 

50-09 • 

tf 

Erdmann and Mnreluyul . 


70 009 

*0-03 

1850 

*Maumene 

Oxidation 

70 001 

50-00 

1851 

Rivut . / . 

Bednetion 

09O;}0 

51-36, 


• 

• • 


•• 



The only otlur early <h‘terftiination?» t6 ht* mentioned are Dumas* 
analyses of anhyc^-ous ferrous and ferrie ehloride, in which the amount 
of silver tj^qmred to eomhinc with* the chlorine was deteriniiK'd,' and 
a few cx])eriinents by Winkh r,^ in whjeh a w(‘i^dietl aiyount of iron 
was diss(dy‘d5n^a solution of ioriine in potassium iodide, the excess of 
iodine beiiiji^ d(t(rmin<id by titration with sixlium thiosuljihate. The 
results were as follow (C’1---;J5457, 1 lOT HSO) : 

2 expts. l)uma>. 2Ai,^ : FeC’h. : : 100 000 ; 58-860 • Fev=^50«09 

2 „ „ : KcCla : : 100 (M)O : 50-2t4. F€-^'^)C-2S 

6 „ Winkler. I 2 : Fc : : lOO OOO : 22 U;) 

• 

Modtrn work on the atoniie weight of iron 1l)egins in 1900 with 
Richards and Baxti r’s analyses of ferrie ox4di' ^ by reduction to the 
metal in a stream of hydrogen. Richards and liaxter foynd that the 
exact determination of this ratio is a matter of extremejlilli^irtlty, -and 
regarded their experiments as prelipiinary in ^Jiaraetcg-. The mean 
result was as follows (O—IG OOO) • “ ^ 

7 expts. Fe^Oj : 2Fe : ; 100 000 : (;9-9570 , * Fe^-- V)-887 

* Three years late^ Baxter^ madf* another def??mination of the 
atomic weight of iron, analysing anhydrous /erroiis bromide for the 
puq>ose. The salt was^ublimed in a j)o?eelain tube, winch introdiwed 
a little sodium bromide into it ; due allowawee'wifs made for this soiftce 
of error, and tl^e following results obtained (Ag — 107 ^SO^r —79 -910): — 

4 expts. • *FeBr 2 : 2AgBr ; : 5f 4^)5 ; lOO OOO , , Fe^hriMZ 

2 „ ^ VeBr- : 2Ag : : 99-900 : 100 QpO* ;» , Fel^rj5-842 

At the time these ex{f(yimentR were made an erroneous value for 
the atomic weight of silver was iiiAjse, in consequence of which the 
value in confirmation qf that deduced from* the oacide 

analyses, was deduced from the wonlide analyses. With the establish- 
ment of the modern Value for the atomic weight ef silver, it accordingly 

Dumaa, Ann. Chim. Phyn., 1859, (3), $$, 157. • 3 

« * Winkler, Zeitsch. anorg. Chtm,, 1895, 8, 291. 

• • BichardB and Baxter, Proc* Anwr. Acnd.^ 1900, 35 , 253.' 

* Bttter, i903, 39 , 245. 
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became desirable to repelt the preceding work in determine 

the source and magnitude of the errors involved ^in it. Her\c^» 
in 1911, Bii^vtcr, Thwvaldson, anft Cobb ^ related the analyses of 
ferrous bromide, •wliieh they were able to obtain quite free from sodium 
bromide f)y utilising fused quartz apparatus in its preparation. Their pie- 
linunary analyses gave the following results^Ag =107 -880, Br =79 ‘OlO); — 


7 expts. * FeBr.^f 2Ag* : 99 *9593 : 100 0000 Fe=55‘840 

4 „ . BeBio : 2 AgBr:: 57-4221 :.l 90 0000 ¥^^55-840 

and the final eKpi i iments gav^ almost identical resnks ♦ 

H expts. * FeUr, : 9^0583 ; lOO OOo’o Fe=-'i5-838 

11 „ ^ Felirl : 2Agl5l*: : 574214 : 100 0000 Fe~35-838 


Tfle essi'utial aeeuraey of Baxter’s earTier work on the bromkle was 
thiys^onlirnu'd. ^ 

Baxter iind Tlnfl'yaldson ^ extended the preceding yives^ation by 
making a nuinl)('r of analyst's of ferrous Itrornide prepared from meteoric 
iron. 'I’h(‘ rt siilis wt-re as MlloW : • 

5 expls. K'Br. : 2Ao ; ; 99.-9501 : 100 0000 ” 

5 „ FeBr^" : 2AgBr : : 57*4191 : 100*0000 fcV = >i *iS’2.9 

Thes(' results hre a. irille lower fhaiythe preceding, but iiveg^^h series of 
five experiments t wo are ol' doubtful value as the^^esult v>f a m edification 
of the ntethod of analysis ; exejuding the doubtful analyses, the above 
two re'sults Ix'eoine Fv - i > * V'h* and FV = > >*iV*'t> respect i\'ely. 

*’The pree’eding re sults leaving little doubt that Bicharels and Baxter’s 
analyses of ferric oxide are afhrteal by a slight, but, nevertheless, 
appre'ciable erre)r, Baxter anel fIo(,ver'"' unelertoe)k a thoreajgh revision 
of this proce ss. Feir full eletails of the*ir we)rk, which, the)Ugli apparently 
quitc<^ simple, .wj^s, in re‘^\lity, e xtrenu-ly elilfieailt, the resader must be 
referreel te^ the' original ihe inejir. The re'sult was as follows (O = 1 0*000): — 

12 exiit.-fJi .. " Fe'oO.; : 2Fc : : 100*0000 : 09*9427 V}-847 

The piveanhug resuit reejuires slight e-orreetion. Baxter and Hoover 
found that at 1050 ' te> I lOOhC., the* teaiqHTalure at which they prepared 
and reduee<l ttieij; ferrie* oxiele, there was a sliglit de)nbt as to the stability 
of the ferrie oxick Fi\ e grams of the oxide \^h('n ignite d to conttant. 
weight in oxygen, lost in eight when igiute-d in a>, the h)ss beiiig one- 
fifth of a milligram. «^lh(' tsubsequenl Researches of Sosnian and 
H<Jsteiter have shown t^hat this loss in weight is due to the dissocMtion 
of ferric oxide int(). niagnvti(j^ (►xitle, and oxygen. , Thus the higher 
weight ^ tile 'correct waight (T ferrie o,yide. Baxter- and Hoover, 
however, choose the iower, regijrdi.ig the higher weight as due to occluded 
oxygenV t The,, neoe>^sar,Y correction to the atomic* weight of iron is 
—0^91'’’', ancK so the corrcctecl vahjc is Fe = )8 8 10. the twelve 
analyses on which this result is biased, seven were made with terrestrial 
and live with meteoric iron, and no difference in the results was observed. 

*The Int’crnational Committee Tor \92() give the value ^ 

Fe =55-84. 

^ Baxter, Thorvaldsorit ami Oobb, J. Amer. Chetn. Soc.\ 1911, 3^^319. 

• Baxter and Thorvaldson, tbid., 1911, 33 , 337. o 

• Bai^r and Hoover, ibid., 1912, 34 , 1667. v 

• ^?o 8 m|[Ui and Hostettor, » 6 id, 1916, 38 , 1188. iSee (his yoluwe, p. 117. 
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The Chemistry of Corrosion.- Wlun to tin* conibiiu'd iirtiun 

of air and licjuid water iron rtfuidy ovidises or “ eorrodt s,” beitJ; 4 t(;^>U- 
vertcd int') a brown, porous mass uf firric oxide In various stages of 
hydration. This o\id(‘ is po])Tdarly tirnii'd “rust.” Any attempt to 
explain the change s takin^^ pla?(“ durin^f the corrosion of iron must take 
into account tlie4‘ollowin^ facts : 

1. J)n^ air or ojygni has ^lo effect tf/yon iron at the ordinary teni' 

perature. If, liowcvcr, the rm*tal is lieaied in c itlu r of tly' pis('s, super* 
ticial oxi(h/Iio1i |akcs plac(‘. the action luin^r visdilt' at about 220'’ 
when tile ftietal acijui^s a pale yellow tint. 'I’his, as th(‘ tcinperature 
rises, ^dves phu‘c to a straw colour, amk^ultimately to purjilc and bhu , 
but no rust is formed. ^ 

2. Liquid xvater alone, at ordinary tonperatnres, has no appreciable 
action on iron. A piece of polished iron may Ix^ kept for an indehnite 
time in a hermetically .sealed tube in (‘ontac't, witli air-free distilled water 
witliouU under}.foin }4 any appreciabh elian; 4 (‘. * 

Pure Swedish iron has been ki pt by tlie jtiW^hor u«d^^ thesej^oudi- 
tions for twelve years, during; which time, apart from tie merest trace 
of tarnishin^^, wliicli could only be (htectid undiT a bij^tMi4p%[ht, the 
metal appeared to under^m no Mi.mj^i* whatesci;.^ Kven*at its boiling- 
point water appear^. t(> have no action on compact iron, although the 
liiiely divided metal decomp(»ses it with c\1>lfition of hydnigen gas. 

4 3. A mixture of air or oxiyien and uakr vapour *ha,^ no action on 
Hron, provided the temperature is nof allowed to f.ffTto that al W'hich 
Iiquid*water begins to be deposited.- ^ 

Oil allowing the tediperatjire to tliicftiate, howa ver, so that Ihjwid 
wateF forms upon the iron, corrosion reaj^ily takes place. This <iis- 
poses of the possibility that fisting is a«iimple ea:?e of ^ircet oxidation, 
such as occur^'heii tlie mdtal is heated in air.# ^ • 

The faetthus ej^ablishcd that the pre.s%ncc of liquid M'ak r is essential 
to corrosion poj^its to the colicliisiyn that befc^e il’on cAip riuft it must 
pass into solution, prcsumalbly first in the ferrous state from Wihrh it 
is then precipitated by atmosj>heri<f oxygen in the form of hydrated 
ferric oxide or rust. In other words, the reaction is essentiijlly ioni^?. 

In the mSjority of cases of aFriaL*und aqueous rusting there can be 
little doubt that one of the most active and irnpo^ant agents is carbonic 
acid. ^This unites with the iron, forming ferj:ous carbonate, FeCOg, or 

• • • • 

* For a detailed acooant of this subject with full referencses up to 191L sf^e Friend, The 

Commofkof Iron and Steel (Longmans, 1911). ^ 

• Dunstan, Jowjstt, and Gotlding, Trane, Chem. Ho^., 1995, 87, I05J, • 

* t 67 



88 ♦IROU AND €TS OOMPOTJNliS.* 

perhaps the soluble bicarbonate, ^eHj(C03)j, Recording to the 
equation : — 

• Fe+2C0j,+2H20*=FeHi,(C03)/f2H, 


the nascent hydfogen unitifig with any dissolved oxygen to form water. 
Tlio ferrous carlxmate thus produced is next ci^iviffted into rust by tlie 
oxygen of the air with the simultaneous* liberation of carbon dioxide, 
which is now free to attaclt iron. Thus a small quantity of carbon 
dioxide is aUe to assist catalytically the (conversion of infinite 
quantity of iro^i into ru^t. a • • • 

In tlie presence of exces*?i^f^ (iiirbon dioxide. Oxygen is not, 
atfeording to Paul,^ essential to cfA-osion. As the result of several 
series o^ experiments carried oiTt ^ith iron in contact with air-free 
watei*and carbon dioxide, this investigator comdudes tliat und^ these 
specj^l conditions the reactions involve^ are as follow : — 

1. Solution of ‘^Pine iron and evolution of hydrogen ^as :-r 

Fe I CC\ hi l,>0 - FjeOa f 


*2. The ferrous carbonate is decomposed by water^into ferric oxide, 
carbonic acid, and formic aeiit : - • 

.‘^FeC 2H20-.Fe,03+II-^'00H j H2CO3. 

The carbonic acid is then free to dissolve 010^0 iroif, butl-after each 
neutralisation its amount is r(;<.lueed by some 50 per cent., in conse- 
quence of the formation of forfiiie acid. 

"'3. The Ibrniio acid attacks the free metal, yielding ferrous formate : — 


Fe I 2ILCOOII -:Fe(Cil02)2-f 211. 

4. A portion of the formate is reduced by nascent hydrogen, yielding 
some'formaldohyde aiuj ferric oxide : ~ 


?Fe(Cll ()^)2 f 411 -FeA-f SlLCIlOd H.COOH. 

The formalde^iyde, being inert, nasseit out of the system, whilst the 
liberated formic aeid’is free to attack more metal. 

From th(i foregoing it in (Evident that the ultimate fate of the carbon 
dioxide is conversion into, formaldehyde, so that a trace of carbon 
dioxide cannot bF-.'xpected to e;?talytically assist the oxidation (ff ^n, 
infinite quantity of iron, as, theoretically, 'it should be capable ot doing 
according to the siiujile ^ycle fir.st described' as occurring in the presence 
of cur. Paul suggest^ that tlicse reactions probably take place luring 
the ordinary atmosplicric cbrrf'sion otiron. Very possibly such is the 
case to aininut(l*extcnt,.but a greut deal md^fi evidence would be required 
before acccj)^ing these complicated cycles as representing the main 
course of^orrosion. f IiKany case, howeverj the theory is very suggestive, 
and^J worthy of further investigation, for* reduction o^* carbon dioxide 
in aqueous solution to formaldehycje is nci an entirely new idea, Fenton * 
having effected it by the nascent hydrogen generated from amalgamated 
magnesium, and observed that the presence of ferric hydroxide assists 
the reaction. 

The problem as to Whether or not a pure iron will rust in the presence 
of pure waters aitd pure oxygen alone is one which has beenothe ihibject 

^ Paul, ChAmistry and F ted Wakr Supplies (Longmans,, 1019V ^c. • 

* FwtWt, Trifns, Ohem, Soo^i 1907, 91 , 687. 
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of considera^le^i^usskm. It is well known tliat many reactions which 
take place readily when the reagents are of mere conimcreial purity 
proceed only with diiTiAcncc when tfte substancesi»are carefully purified. 
Thus, for cxanfple, commercial zinc dissolj cs >vifh ^rcat rapidity in 
dilute sulphuric aeid, whilst the pure metal is highly fesi^itant to solu- 
tion. Again, commercial hydrogen peroxide, which* usually contains 
small quantities of dissolved salts, readily at^^icks iron, yi(‘lding a volu- 
minous precipitate ot yi^t. Ihit tlie mefal remains untarnished in a 
solution of Merck’s piiPe hydrogtn peroxide in pure distilled water, 
despite the fact tliat fts surface swi jit by a eontin^^ous stream of 
oxygen bubbles from the peroxide lvhft*h it is eatalytieally assisting Jo 
decompose. • 

The question, therefore, tef w'hetJier or not pure liquid ^valer 
and pure oxygen are, alone siillieient to indyoe corrosion is on(‘ of con- 
siderable theoretical interest ; <ind opinions an; divided. • • 

Bcrzclms ^\tis a\^are that iron does not rust tvheii immersed in 
aqueous soluti^ms of alkali hydroxides, and during the greater part of 
last century this fact was n'garded as definitely proving that the 
presence of an acifl or negative radi(;h; is essential to corrosion. In 1908, 
however, JA’hitney ‘ suggestetk that, watiT being an (‘l(‘etrolyt(; and 
split up, albeit to only a mitiute extent, intf) hydrogen .and hydroxyl 
ions, rondfcs *t iinnecessary to assflme that any substauci' other than 
oxygen is *rcquin;d td effect the corrosion of iron in wat^r. The 
condition of equilibrium between the \fliole and the ionised molecules 
of water may be represented as follows : — • 

-(w-OIIiO I H i-OH', 

where n represents a large whole numbt r, tlu* pri^cisc value for Which 
is uncertain. If, now, a piece of iron is placed in the waiter, a niinute 
portion will pass into solution in the ionic *ertnditioh, free, g£tS(M)U8, 
molecular hydrogen being deposited upon the surfAec of !lu*nndissolved 
metal. This 

Fe*f 211- + 2011'- - I'V -t llj+2*0n'. 

• • ... 

Some of the ferrous and hydroxyl ions unite to form lyi-ionised ferrous 
Ji;^d»oxidc. until ecpiilibriuin is attainyl, according fy^lK- equation : — 

• * K< -^*20ir- F(|UH), 

The admission of oxygen to the system scrycf^ the double purpd^se 
of oxidising the liberated molecular |^ydl*ogcn ’^md converting the 
ferrous hydroxide into the Wsic*ferric*denvati^c, popiflarly known as 
rust. These* two changes disturb tlu* e(|Milibrium,*mvre,ir(m nassing 
into solution to be ?onvertcd,*in turn, into a fujth%r quaM^ity t)i rust. 

According to this theojy*, therefore, the presence of an aci44^.*un- 
necessary ; and the inhibiting powtg of alkalies is attributed to the 
suppression of aqueous ioni’sation by the presence of so many additional 
hyAoxyl ions»in accordance with<the few' of Mass Action, * * 

Theoretically, it should be a simple matter to decide whether or 
not pure w'ater, pure oxygen, and pure iron arc alone sufficient to induce 
oonrosion. €n practice, however, the problejn is one of extreme diffi- 
culty« owing to the elaborate precautions that must be tal^n to obtain 

• Wlugiey,V. Amer. Chem. 8oc., IW, 35 , 894. » * 
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each of the three substaAces in a pure condition, fJr any#small trace 
of impurity, aetiii^^ as a catalyst, in^ be suflicient to effect the oxidation 
of ati itidtliiiitcly lar^re cjuautity ot the metal. • 

The (‘\trcm('*(iiniculty of removinpf traces of carbdn dioxide from 
the walls of aii*:i^ apj)aratus was probably first .realised by Mood^.' 
llii* invest i^raior*p]accd a piece of pure S\rcdijJi iron (99-8 per cent. Fe) 
in a tube containin^^ a 1 j^erjRcwt. solution of chromic acid to clean its 
surface, and a current of pure carbon dio^i^liv free air w^s passed 
throu^^di the a*ppara,tus 4‘or seviTal \/ceks in order to remove all traces 
of for(‘i^,Mi ^nise^ \Vat(T was flow d^tilled on toHhp inetal, washing th? 
el^rornie acid away, and the p^s*ag^‘•o^ air continued. The metal did 
not rust. • 

Si*nil?u' ri snlts may lx* obtained in*a much simpler manner ^ means 
of thi“ apparatus shown in fig. 1. A is a 
small iron cylinder closed at one end, the 
other end being lifted with a stopper and 
tul)(‘s so aiyanged as to idlow a constant 
stream of water to circulate through the 
eylindei; to keej) it cooT. The wliolc is 
inserted in* a llask containingr a twice- 
nofmal solutihn of alkali hydroxide, and 
well shaken to remove all #raee^of carbon 
dioxide. Upon inserting in a water bath 
pu/e carbon dioxide-free water condenses 
on A in a continuous stream, washing 
away the alkali. Thi^ metal may be kept 
for an indefinitely long tinn; in contact 
with the air and pure condensed water 
without corroding. * 

TheS(‘ experiments ajipear to prove 
fairly conclusively that pure oxygen and 
pure watei; ar<' not sullicient to effect the 
corroi.ion of the purer forms of iron. 

^ ^ Unless the surfa<*e of the iron is cleaned 

' * and freed from condensi'd or occluded gases 

by a preliminarv^washing' with chromic acid or alkali hydroxid*-', as 
in the experiments described, c()ntaet \vith pur,-? vater and oxyghn 
invariably leads to eoi-vosioi^,* as is to be expected. It has thcrc- 
foA; been urged that the cleansing reagVnts referred to above gilder 
th? iron }>assiv(‘ (sev’ p.‘ 57*). so that ^tlie results ary misl“ading. In 
1910, h()wever,» Uambert and '■'Thomson k described thyr experiments 
with iron of an ('Wi'ptVonallv pure character (see }). ;M?)» repared by 
reduidioii of 'l;ig‘lily nur^lied ferric nitrate'. The metal was found to be 
rcniaj^ablv Inert or jnis^ve, and •ould lu' exposed N) the combined 
action of water and oxygen for several uibnths without undergoing 
any visible oxidation. "Passivit/ is thus one of the characteristic 

t Moody, 'Trnv.'t. (^hem. iSlor., lOlMt 89,*720, t ' 

* Friend, Proi-. ('hrm. *s’<ir., IlUO, 26, iflt 

* 8 oe the experiments Af Whitney, toe. at. ; Dunstnn, Jowett, and Goulding, Trans. 

Ohem. Soc., 1905, 87 , tr>48 ; C’usliman. U.S. DejU. Agriculture^ Bulletin No. 30, Wafl^ingion, 
1907 ; Walker, C\vdetliolm, and Bent, J. Amer. Chem. Soc., 1907, 29, 1251 ;®rilden, Trans. 
Chem. Soc., 19(^, 93 , 1358 ; Heyn and Bauer, MiU. kdnigl Material-prufimgsamt^ 1908, 
a6, 2. » , f ' 

* Lambert and Thomson, Trans. Chem. Soe,t 1910, 97,^242^, ^ 
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properties of pur^iron, and it A very justly (|aime(l tlial any passivity 
induced inthe^metals used by Moody and by Friend is simply due to 
the thorough cleansing of the inetaAlie surfaces, and is, to that exient, 
an indication oi, their purity.* 

V The Mechanism^of Corrosion.- An attnit‘ti\ « 1 hcory of the niechun- 
ism of corrosion lias^lxn^ii ouyined by Aitchisoii.- (’(•iiipact iron, ^^<h«n 
exaininvd under th(‘ niici’oscopc' (sci‘ Pert HI.), i < s( enjo consist of crys- 
tals of fcrrit(‘ scparat(‘<l from cacli otlicr bf aft amorphous c( nu nt. It is 
rcasonalftc bi s\ippos(‘ Hftit the M»hilion jircssiiri' of this ii'cnu'nt ilifhTS 
from that of t lu ^ftrryc. for diffclau'es^of tin* kind in\ariably occur 
between amorpla>u^ and cr\ stalllne. vu’ii tn s of snlf^tanccs. Upon 
inmicrsion in an cirel rol\ to, t hci* lor^c, siich as ordmar\ tap watir^or 
acpicoiis solutions of inorganic stilts, a difference of potent^d cxist.s 
leading to corrosion. If tlic cc iiu nt is positi\«“ to tiie I’crrib', it*is the 
caanent that \\ill (*\idis(‘ a\\ay ^ and \ ic-c \<-ifsa. in a p( rl’ectly am^calcd 
spccinicn^in wineh there is but tilth; nuclianieal s(ii;iin. the action ^ill, 
in the mam, be (*onlincd to that betwts n the c( nunt and ferrite. If, 
however, there is any apjirefiabh' jiAtential diffeieiiee lietween the 
crystals of ferrit* lhemsel\cs, tliis will increase' the ( ffeet, the total 
observed^'orrosion being tlu' sum df tlu' fwo actions. 

'Hie solution pressun* of the cement, might , eoneeix af)ly, he between 
that of 1l/' fiiore posili\<' and tlx* more negati\e tVrrfte eryslals. in 
whiel) casft the eenuill would fiinetiou eathodieally towards the one 
and anodieally towards t III' ot her. • • 

'I'aking the simplest ease, howe\er, fti which flu* fende is at practi- 
cally the same poteidial Ihronglioid, tlu- corrosion will proeeilt at 
the junetiiais of tlu* er\stals and the eenunt. 'Hu' action will not of 
necessity be eontini'd to one face of contact, but may be I'Xpceted to 
proceed <d a inaximnn. rati- on that plane resulting in the formation 
of a pit. • , , • 

Corrosion is further Heeelcrat<d b\ tlu presence (»f imiairiiii's such 
as oxides, su1[)hides. earl)ides, phosphides, and silicates, a1ij;A'.4b(‘se are 
invariably at a lower potential tlu^in the teiytc.* Tlf. inlliK'iiet' of 
alloN'ing elements ’ 1C partienlarlv inten sling. \\ ifli carbon, lor e.xanijile, 
cciiuaitite or iron carbide, FcjC, is fornud.^iad as tins is i hyl lo-iu gativc 
to ferrite, the lallir corrodes at tlu pomis of I'oiitiiel. Addition of 
•t^RrTjon. tin refore, to iron liiuls !(• enhance its #*f>rrodibilit \ . If a 
third*elenient is aifdtd to *1111 syHim, its ndliu ne*' upon corrosion 
is determined largi-ly •!>> fli^- manner fti winch it di tribnles ils|’lf.''' 

If it^dissoh (‘s in the b rrite, ndueing its solwti(,n pres' urt', it rediees 
the potential differenet betwem the lii*rri1e ami* eenuntil e, and thus 
enhances the"Tcsistane(‘ le wholefo corrosion. N^eki 1 })elmves in 
this mannef, the x^hole of tin* metal {fas;4iig iido soTiil ^olytion with the 
ferrite until tli^ steel eontaibs more than H j)#r ft id. i^'jiielfel. Such 
steels, therefore, do not rficiHily eorrfKic. • .» 

If, on the other hand„the third«i l( meiit is ussoeiated entirely with 

^ Compare ^oody, Pror. Chfm. .SV/r., liini),^5, 34. • • 

* Aitchison, J. Iron SkH Imt., 19111, i., 7?. 

» See Cobb, 1911, 1., 170. , 

* corrodibilitii'S of steels ami other alloys of iron are disi ussed m Part 111. of this 

▼olume. • • # ^ 

* Aitehifmn, loc. cit. 8 ee also Trnntt. Cfinn. 7915, 107 , 1531 1910, I 09 , 288; 

Atnold tnd Itead, J. Iron Sleel InsL, 1010, 1., 169 ; 1911, 1., 249 ; 191^1., 215 ; J. InH, ^ 

19 * 6 , 1 ., 247 . • 
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the carbon and forms' parj of the carbirfe, the corrodfjility of the alloy 
will not be appreciably affected. Vanadium, tungsten, ailH nJolybdenum 
are cases in point, thpir saturation percentagei in the carbide being 
approximately as follows ^ 

Vi;,nadium . . .5-4 per e^nt. 

Tungsten . . . I1-7* ,, 

M61yl)deni«n , • . . 19-0 „ 

Below these chn cent rations the met.jls do not* pass into solid ^solution, 
but remain ( idi^ely assoeiated»witli ihe carbide. • / * - ** 

The behaviour of ehromiuimi.^ in|(;rcsting, for this metal distributes 
its*elf between th(' ferrite and earUidc, and tends to reduce the corrodi- 
bility ^)f the alloy to an extent detertnined by the portion that ^passes 
into solid solution. , 

ferroxyl. -An effective method oftshowing that differences of 
potential exist bet^eiMi different parts of a piece of iion cvmsists in 
utilising the ferroxyl indicator devised jointly by Cushman^^and Walker.* 
A 1*5 per cent, solution of agar-agar jelly is pre})arcd, a few' drops of 
phenolphthalein added, and tlie whole rendered perfecfly neutral whilst 
hot by titration either with alkali or acid^is occasion requires.* A small 
quantity of })ptassium ferricyanidc soliitton is now added, and the 
solution poured into a shallow dish to cool. A clean sam*pl\of iron is 
placed on the solidilied jelly and covered with a lAyer of warm solution, 
and the tvhoh' allowed to cool. /After a few hours some ve ry beautiful 
colour effect^ will have developed, and may be j)reserved for several 
months by kecj)ing the surface of the agar covered with alcohol. 

Whore the iron remains bright the agar assumes a pink colour 
indicative of the ])resence of hydroxyl ions. At those points where the 
iron passes into solution the familiar colour of Turnbuirs blue com- 
pound (see p. makcii tts appearance. 

The Influence of Dissolved Salts upon Corrosion.- Th(' presence of 
salts dissitK .'d^in water may greatly inlluenee tlu' manner in which the 
iron is attacktvl. Mapj' salts exert a ("listinet ehei^ieal action on the 
metal. Thus, for example, when immersed in solutions of copper 
sulphate, iron readily dissolves, an equivalent amount of eof)per being 
precipitated in aef wdance with the equation : — ' 

1 <V+CuS 04 =FcS 04 '+Cu. ‘ 

c • 

On Yhc other hand, iroii remains perfectly bright and free fronr all 
traces of corrosion wjien intme^sed in, solutions of the chromates or 
, bichromates of »^he alkali metajs, unless, \indecd, the #fiolutions arc 
‘ excessively dilute. This* is generally attrjbuted to the formation of a 
thin film>qf o?!41c on tht^ surface of the me/al which shields the under- 
lvhut_ ptn^ ions* from attack„but this h not the only explanation, as has 
been seen (p. 71). ^ 

Ammonium salts arc very corrosive, particularly in warm or hot 
solutions, probably on account oh the, case with which tkey imdergo 
hydrolysis. For example, a saturaYed solution of ammonium sulphate 
is less corrosive than" distilled water at 6° C., but at 18° C. it is 

f Cdtahman, U,S. Depi. AgrictUAtre, Bulletin No. 30, Washington, 1907 ; J, Iren Steel 
^ Jn»L, 1900, 1., 83.^ . , • 

• Walker, Jt Amer, OAjmw. Soc., 1907, 29, 1257. 
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much more corroiivc.* Again, *on boiling iroi drillings in a concentrated 
solution of ammonium chloride, hydrogen and ammonia are evolved, 
ferrous chloride passiiig into soluti^i. Thus 

Fe4-2NH4Cl=FoClg4 2NH3 { ll^. • 

' •• 

When ammonium n^trat^ solutions are heated in^’ontact \\ith*irftn, , 
an analogous reaction oelmrs ; ammoui^ is cvoh ed, wbilsl the iron suffers* 
appreciable corrosion under tlu^ action oi’the libiTatid nitric acid.® 

It i^f instructive tf^l^xamine Wie effect o|^ exposing* iron plates to 
•the action of. sakXsoWitions of vAving ^■oneent ration?^ by iletermining 
the losses in ^\eigh\ eonsecpient Ji|>on 4*orrosion. Cnr\'e AFlyS (tig. 2) 
shows diagramniatieally the usuaPt\^H‘ of results obtaiind. The pcflnt 
A indicates tin* loss in weidit of»the plate immersed in d is 1 i41e(^ water 
to whtch no salt has been added. 

llie prescncti of small (plant ities of tlu* dissolved salt cffe^tj an 
increase 'in thw corrosion of the iron, a maximunf*l)eing reached at C, 



known as the critical concentration. Fu|t|jer increase in lh(‘ (piantity 
of the salt reduv'es the corrosion to nil at 1 j, wliK'fi j)yint is termed the 
^ lifmiting concentration, and from tlys point onwiij^^is, until saturation 
IS rci^’hcd, the liquid is non^C’orrosive. 

There are several ^salts that behav^- in this way at atnu^ephcric 
temperatures, tlui more impoftant being ammonium acetate ; potassium 
bromatc, carbouiitc, cyanide, [erricyapidf, renVyanide, iodatc, and 
permanganate^; diso Uum ^hydrogen .phosjihate ; and sodiipn borate 
and carljonate.^ In the (‘asc^of j)oti»»sium chfbratP the jioints L and S 
appear to be practically eoiaeident, whilst for^th^ niapifity (/"salts the 
point S lies sc/fiiewhere todhe left of L, ntynely at S' — chat is tq^sny, 
saturation occurs before tfie limiting cemcentration is reached. Generally 
speaking, at the ordinar/ temperature, eoneentrated solutions of salts 
are less cor^^sivc than distillcd||yrat«r — that is, the fioint S' lies llfelow 
the level of A, exceptions being ^ ammonium sul[)hate, aluminium 


^ Friend and Barnet, «/. Iron Stexl Jnst.^ 191/^ I., 336. 

* ftanti, Chem. Zentr., 1904, II., 1625. • • 

* See Prideaux and Caven, J. Soc. Chtm. Ina., 1919, 38 , 353T^ 

* Heyn and Bauer, MiU. kdnigl. MaUrial prufun^sami, 1908, 2. 

* Frienctand Bamel, iron Steel Inekt 19ft, 1., 336. * 

t I 
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sulphate, ferrous sulphate;,! and (at temperatures in thfe neidibourhood 
of 0® C.) sodium sulphate, potassium nitrate, and barium'^chioride. 

Sulfieient data havt* not as yetf been aeeun|(Lilated*to allow of a 
complete exjilaiu^tion of the form of the curve ACI^. The initial 
rise from A to (' is probably connected with the nuyiber f)f ions intro# 
du^ed int(j the* s(jlfitif)n witli rise e)f salt eoneciftrafioo. As the latter 
Increases, ho\ve\'er, another factor be^t^nns to niake itself felt, naniedy, 
the d(;ereuseel solul)ility oreo^croii in the solution. 1'his acts in the 
opposite dire-’cHon, l)y r^tarelinjf eor|osion. 'H/s is slu>wn iif li^. 3, 
where the relative eorrochbilil ie^ of Klhlbaum’s ])\jre;liii)n foil in various* 
eone'cntrations oT soelinrn chloride* sein I ion are elepiHe d at 10° C. and 
23*^° C., th(‘ relative solubility e*uyvelfor e>xy<^<‘n bein/,^ represented by 
the broken line .* • ^ 

On raisinjr the te inperatiire alunc that of the atnK)S])heT^, the 
tene|ciie*y is for the eritie*al e'oneaiitratioi% to fall- in other words, the 
point C 2) is })iMied towards the left. Ilenec a solnticyl that is 
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• Fro. X 

,morc coff^THV(^ than fresh water at th(' ordinary teinj^erature may 
prove to be lessicorrosi^vc than fn sh water at hi^dier U inpera lures. 

For exaini)le, a 3 p('r C(“nt. solution of eoininon salt at 10° is much 
more corrosiyi; than la|) winter at the same temperat\ire ; but as the 
temperature rises fhe r('lativc corrosivity falls, so nnieh so that at 21°^C. 
the salt solid ion is tfe^ less eorrosi\ ebf the two. Sim^e sea water contains * 
some 8 per cent, of soiliimi chloride, it is of interest to inquire intb the 
effect of teinperatun* upon its* corrosive powers! The few laboratory 
tests*that have been eairietl oyt on the subji'ct indicate that at tcmjiera- 
turcs below 13° sia water is idore eorlosiyt; than ta}* water, whilst at 
all higher Temperatitf’es R is less sp. Now, the westerTT |^)art of the 
tropical paeiO CX'can a tcmpc*faturc of 32° (\ is sopietimes attained, 
ana in th? Kfif Sea liiul I’ ershpi Gylf teniperatures oi.344° C. and 
85*5^!npcspectively have been registered. S^ich waters should there- 
fore prove less corrosive than river Ivatcrs at the same temperatures. 

the Arctic Ocean, on the otl^er hand, where the temperature lies 
in the neighbourhood of 0° C., the soft water is more corrosive than 
fi^esln t 

* The solubility, of oxygen in (fistilled water at either temj)erature is tak«ii as ilk)® C,, 

^ and die oorroilibilitioa of iron in distilled water, as measured by loss in weight, ^re likewise 

taken as 100 (see xMend and Barnet, loc, cit.). 

* Friend and Br^wn, Trans. Ci^tm. <Soc,, 1911, 99 , 1302.* 
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The flowing observations are of gr4at importance to marine 
engineers, ana,fiirther research on the subject is cniincutly desirable. 

Mention has alreally been inad^ of the fact {,*>i‘e p}>. 54, 65)) that iron 
may be j)rese^ed from corrosion by imny^rsicui in Jiluie solutions of 
tile alkali hydroxkjcs. 

An interesting case^irist^ \\lu‘n iron is innnerstd alkaline solfltibns, 
containing inorganic salts. For exaiypUs ^n»n will. remain bright in S 
] j)er cent, solution of caustic potash for an indt iinite lime, but upon 
additiofi of potassiui«*ehl(H-i(l(' fc*orr<»sion rt^^dily tak^s place. It is 
• ])ossible, how;ii‘V(%,\to«increas(' thelilkali^ti such an extent that corrosion 
is entirily pnveided. no matt^l lfi»tN- eoneentrateil the solution of 
chloride. The minimum amouift ^tf alkali re(|uiri'd rises with *thc 
p(‘rc(“ntag(‘ of chloride unti^satutation of the' latter is arrived at. This 
is iiurieatiHl in lig. t. AK repre smts tlu'^olubihty enrve* of jioiassiiim 
chloridt' in afpieous solutions of potassium hydroxide^ and WIJ the 
ma.xiniu#n eoneentrat ion of the chloride that nftr>^ be jiresent in the 
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c'orresponding alkali solid ion *\\ it hput caustng eorrosiyn. Within tlnf 
area (‘KA, therel()r<‘, (sirrosion readily takis place, hut outside this 
area (‘orrosion is unptissible. * • . 

eharaet( rist ie feature of the eorrohion undet Ihese conditions, 
^io\v( \ er. is the tendency to, pit." •'I'liis is a, foriu*i*jT loea)ise<l corrosion, 
th('*rust eating (heplv info tin' uietal at ^niall isolated areas. Un- 
doubtedly the rustinjj is oniginati-d b\*some irregulciity ehemi^l or 
physical in tin* rnet.il, each |til being s^arheUat some }»oint bokween 
the crystal ji^ai^s. F.ven Ixalflbaum’# pun* eleetrolytie foil readily pits 
in this inamuT, although fvhen imnu^’sed in i^f ulr^l s*jlutions it usually 
corrodes fairly niuformly <^er its entire surfaeis Th(»mas.y‘s of rust 
formed tlurin^f pitting are ri(*h iy feryous o>#den Soifti^iin^s filaments 
of rust spread out in luiir-like gr()vvlhs, brflwn in colour, whfWi fteat or 
sink according to the* density <*f the solution in whiidi thej'' arg, 
produced. ^ ^ 

In praAicc such corrosion fii ayfprovc disastrous. For example, an 
iron boiler might lose several pounds in weight thn>ngh uniform super- 
fici^ corrosion and yet not he nnieh the .worse, llut a single ounce 
removcd*through pitting might be sufTieieat to perforate the metal and 
4ead to Serious coiLsequcnees. The employment of weaMly alkaline feed' 
waters containing^disiolved salts in ordinary boilers is»a dangerous 
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procedure, for the foregoin|r reason. The remedy woul4»ap|>ear to lie 
in the addition of sufficient alkali to render the liquid noj;i-corrosive. 

Corrosion and Ionisation. — Iron* will remain# untarnished for in- 
* definite periods iu the presqfice of coiu^eiitrated soluti>#fis of the car- 
bonates of the alkali metals, <iven in the presenee pf small quantities? 
/)f (ttlfer salts. If, however, the alkali carbopatejfs very dilute, it cannot 
Sntirely inhibit corrosioii. ^ Now* the minimum quantities of alkali 
carbonate required to inhibit tfie corrosive action*^ of a given coijcentra- 
tioii of various (Aher salts ^f the same aAcali metal have been determined.^ 
The results show that, if the ad<4ed sals are arranged /if order according * 
to the amount of alkali carbon^^t^ rlijuired to inhiliit corrosion, they 
arc*also not merely in tlu' order oli tie relative strengths of their acid 
radicle?^ bit the relative (juantities of Aarboyate b(‘ar a general relation- 
ship to the numerieal vahiei^ found for the strengths of the aci3s by 
electji^id conductivity methods. This is Well illustrated in the follow- 
ing table : — • • 


Sodium Salts 
(Concentration N/20). 

Chloride . * . 

Iodide 
Bromide* . 

Nitrate ♦ » . 

Sulfate . 

Fluoride . 

Acetate 


Relative (Concentrations 
Na^ePa inhibiting 
Corrosioji. 

100 

89 

/ 72 

.54 
52 
39 
9 


Reli>.,ive Strengths of 
the Free Acids. * 

t 

, iW 
9 / 

98 

98 

70 

10-5 

2 


The close connection between ionisation and eorrosioii in dilute solution 
thus rccci^sjfitcresling confirmation. 

• The Chermtill Nature of Rust.-- Botii the jdiysical condition and 
chemical conqiosition (ff rust vary considerably accih'ding to the con- 
ditions under which corrosion* has taken place. Dunstan ^ gives the 
result of aiialysing,(A) rust collected from iron apparatus ru'.ted in the 
laboratory, and {B)*4;jist from an iani railing exposed for thirty yeaT^ 
to the air within twt iity yarils of the sea. llis dataware as follow :*~ 


► * ' 

9 

• I A. . 

B. 

• 

Fahiulated for 
Fe,0,.H,(). 

•• 

* * 

Ferrous iron , . * 

t (f l3 

* 3-25 , 

% 

Ferric iroir % •. .* % . 

00-93 

• 59-25 

62-8 

Hyd*i)gcn . . . • 

"l-Ol* 

• .1-17 

1-8 

Oxygen .... 

34 35 

,35-70 

35-9 

Carlin dioxide . 

0-15 


, . 

Ammonia . * . 

0\)069 


% 

Insoluble matter . , . 

3-20 

0-60 

* 


• c 

^ Friended Marshall, Trans. Chem. Soc., 1914, 105, 2776. • 

' C^ooli^d from electric conductivities. 

* I>anAAn,^o^tt, and Goulding, Tr€tns, Chem. S^, 1^)6, 
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From this it is evident that oAinary rust produced by exposure of I 
to air corrSsptJhds very closely to the formula FejOs.HjO.* 

When iron Is completely immeiped in distilled water there is usually 
no pitting, and the metal becomes coVicred '• ith a^ loosely adherent 
<;over of brown o^ide, in which there mdy oi may not be a trace of 
greenish ferrous oxfde.# When the metal is only paitially inimer5#ed in^ 
water, a particularly vigorotis oxidation takes place at the surface o:^ 
the liquid, for at this point the latter ‘is Matively rich in dissolved 
‘ " st is frequently high in ferrous oxide. 

wheg iron^s exposed alternately to 
poi^ion of ferrous ^ide in the mass 


oxygenf The resultiiljf^nass of r] 
• A somewhat sirmfer jesult obtaii 
the action of water and air, the 


depending upon the dilficulty 
in penetrating its surface. Thiij 


ifi 

il wl 
plopt) 
tfene 


erienced by the atmospheric oxygen 
is* clearly shown -* by th% following 
analyses of samples of rusf obtained from the un painted interiors of 
iron flushing tanks in constant use. Several of the tanks hajJ been 
unscrap«d for years, and the sides were blisteretk.with masses of I’ust, 
brown without but black within. Every sample when placed in dilute 
aqueous hydfogen chloride effbrvcsced^briskl}^ evolving carbon dioxide. 
The analyses w<^e as follows : - 


No. of Satj^plf 

• A 

• 

• 

2* 

3. 

4- • 

5. 

6 . 

- — -f 

Percentage of iron as 
ferric oxide 

55-78 

• 

• 

51-12 

01-60 

05-18 

• 

08-89 

02,46 

Percentage of iron as 
ferrous oxide 

82-80 

1 

30-57 

25-74 

25 -00 

2818 

2445 

Percentage of iron as 
fcitous carbonate 

11-40 

12 81 

9-66^ 

9-21 

7-98 

m 

^ 8'14 





• 
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The Corrosion of Wrought Jron, Cast Iron, and Steei^TlTls subject# 
is discussed in Pa^t III. of this volfimc, togethf^r w’it]i*the influence of 
various impurities and alloying elements^ ^ 

* Other analywes of rust arc given hv (’divert, (Jffcvi. Xem, 1^71, 23 , 08 ; Jamieson, 

• Proc. Imt Civil EngintnH, 1881, 65 , ; VVemwurn), ¥hhn. ZnL, 1803, 17 , 101 ; 

Gaintik, Chem. JSVmw, lOlfJ, loi, 20^; T. Sle« 1, ,/. Sor. Chi m. Jnd., 1010, 29, 1141; Dunath 
and Indra, Chi’m. Zeit., 101*1, 35^773 ; .Moody, infPi ; .1. 11. Paul, Builvr Chemistry 
and^eed W'^afer (Longniaife, loiO), pp. 120 120. • 

“ Moody, Trans. Chem. Snr., 190(1, 89 , 720 • ^ • 
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GENERAL PROPERTIES; OF IRON SALTS. 

Salts ol Iif>n may hv rou^rhly (iividcd fiito ti^vo f^roups, accordin^j as the 
iron behaves as a divalent 4 >r trivalent atom. Salts of divalent iron 
are ferrou.s, aiy:l in neutral or faint 1^^ alkaline soliiti()n ary readily 

oxidised \o ferric eonipounds, in whieh th^; iron has a vateney^)f three. 
Ferrous salts, when hydrated, are iisuallj^ greenish in eolyur, eo])peras 
or ferrous sulphate beiiiir typieal. Anhydrous ferrous salts are white 
or pale yellow in colour, as ^witneJi^ ferrous ehloririf and bromide. 
Ferric salts, when (Tystalline, an* als«# whitt' and opaqi* (ferric 
sulphate), eoloiylt'ss (ferric nitraPe), or yelloV (ha-ric chlori(J(')^ althoii^^h 
many basic compounds an* brown. When in eouibinaWtin jith other 
salts, varyms colours may appear — as, for exainjife, in tlu^ (*as(' of iron 
alum, the delicate viok't hue of >iftuch is well known. Ircai salts impart 
a diatinet and bitti'r taste to water, one part of iron per million of 
water bi'in^ distinctly perceptible to the avi'ra^n* individual.^ 

A peculiar property of I’errous salts consists in tlu ir power, when in 
* SolutioHi,^ of unitin^r nitric oxide, the limit of combination being 
reached with one molecule of NO to one atom of iron, 'fhe subftanees 
thereby ‘produced hre ve'^yNmstable, partaking of the nature of additive 
or associated uompounds. Two of these compounds have been isolated, 
♦namely, and FeIIPO,.NO ’ and sew’cral otlua* salts, such 

as FeClg.NO and Felh'g.NO, have* been shown to exi^l in solution. In 
this respect ferrous salts ch^scly resemble salts of disedent copper, 
which yield, with nitric e)xide* additive eompounels of the* type (' 11 X 2 . NO.® 
Ferric salts — for cx^imph', ferYie* chloride- also combine with lulrie oxjflc 
to yield unstable eompounels. Both ferre^ms aiul ,f('rric salts rcydil^ 
decompose barium peroxide, tjie fornuT afte*r being first oxidised to 
ferrih. The re'action, in the case of ferric chlonele, takes place accor^Ung 
to tlfb equation : ” * * ' * J ^ ^ 

Iron £^lts ^ Catalysts. - Se^jidnbcin, in* J 857, drew attention to the 
fact that,ferrohs salts ^irc'ciypablc of jvding a;; oxygen-camcrs in certain 
circumstances,’ but it was ne)t until thirty-sev^n years had elapsed that 

^ See Hitieal, (Oosby I.o(*k\vood, 1914^. 

• Whether »j[ueous, alooht)lie, ethereal, *:)r ii» acetie aoiil {Thv)ma8, BvU, Soc. cAi'w., 

IS98, (3), 19, 419. • • 

• ^ p. ir)3. » * See p. 185. 

• See Manchot, Bcr., 1014, 47, 1001. 

• Kwasnik, ibid*, 1S92, 25, 07. t 

^ ’ Sohdnbein, 'iUeber die Gloichheit dee Einflussi^ welcheu in gowissen Faljpn ci^e Bint- 

kOrperohen und EiaenoxydulHab.e aiif die chemische Thatigkeit des gebundenen^VMTBioffet 
ftUatiben/^ VerMUnd, Ge^ell. TSemi, 1800, II., p. 9. * 
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attention Main drawn to tfie subject by the observation of Fenton • 

that hydrogen peroxide oxidises tiirtaric acid to dihydroxymaleic acid 
in the presence of a l^rrous salt- 4n })artieular; ferrous sulphate. He 
explained this^nj tlie assunij)tion that the divalent irug replaces the two 
non-hydroxylio hy^^ogc n atoms of tartark^ acid, and, upon oxidation 
by the peroxide to tlif trivaJent condition, breaks*away from tkem. 

Thus * * * . * 

COOH (’OC)H* • COOH 


r * I 

.-stUxfH Icon 

• \ t Fes||| • -> 

nroji 


(’OOH 
(tartaric ** 
ai’ut). 


\koU 


(^on • 

— > j| 

con 

(loon 

(*lihy<li"VN ■ 
yinh'H' acid). 


SuggestiV' as this tluon is, then' are oilu'r rf aelk'ais in which ftnrous 


siilpliate acts as a <*a<alysn\^in uhieh the above exjdaual ion cannot 
p(jssil)ly hold, and several other llit'ones hav<‘ lieen ofhred. Maneliot 
and ^\’llhelms - Veliev e that a highly oxidised eoinpoiind of iron, such 
as l^'e^O^or Fe^Oj.'JlbOo. is |^>rnied by <*onlaet of the fiTroiis sidt and 
peroxide, and tliat this is reduced by the oxidisahle sulislanee. llrodt' ® 
reaelu'd a ^dii^ vvliat similar eondusion, snugt sting that tlie peroxide 
and I'erroidsalt unit< m form an mternu diattx Inglily oxidised compound, 


wliilst Miiminerv' ‘ combines t h(‘ essetit^l fealiirfs of (lase t wo’ tlieorii 


into a very attractive hvjiothesis, according to vvliieh h rrous su^pl^ialc 
and hydrog(‘n peroxidt* unite to form ferrous sulphate ptThydrol, 


sopt 

Fe 

o.oil. 


11c arrives at this in the following manner. In'* view of the rdciition of 
a molecule of wat er by the isomorjihous members of t be feirons sulphate 
scries, tliev ma\ lie regarded as lienusuliiliati lieinibydibft of the type ’ 

« f », ■ 

s(gn 

M ^ , 


* Witl^ hydrogen perf^xide, th(;refore, ferrous suljihatH reacts as follows : — 



and may be expected to possess the properties of a jKAverfnl oxidiser. 
The reason Vhy such a compound cw^ls more powerfully th*an hydrogen 
peroxide itself is attributed tf> the fact that it is,an electrolyte, whetcas 


f B’enttn, Tram. Hoc., I8»4, 65 . 899 ; Pro^. Cham. Sor^, ljf98, 1 4 , 119. 

* Ma^hot and Wilhelms, Bar., 1901, 34 , 2479. * ^ 

* JKroae, ZcilJich. physikal. Chcvi., 1901, 37 , 267. 

* Mummer}^ J. Hoc. Chum. Ind., 1913, 32 , 889, • 

o « 
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hydrogen peroxide, for all practical purposes, is not. Thi| perhydrol 
is alternately produced from, and reconverted into, fefrous sulphate, 
when an oxidisable iubstaiice is# present, to^jether with hydrogen 
peroxide. , ^ 

Methyl, ethyl; and prop'll alcohols arc oxidised jjy permanganate#or 
hydrogen peroxide^ in the j)resencc of ferrous safts. If ferfous sulphate 
•is employed, the .ethyl alcohol js, in dildte solution, oxidised by the 
permanganate to aldeliyd? ; but in the presence of ferrous oxalate the 
oxidation proc^'ceU furtl^r, acetic add rcsultingi Thus * * 

• CII3.cn,, Oft-^Cifa.CHO-^Ctfa.t^II. 

Tbesc reactions proceed so reguyii^ that they may be followed up 
quarit^tatfvely. I'tTrie salts have i*o ca^^ilytic inlluence upon these 
reactions.^ Iron salts, however, can act as oxygen-carriers in the tfbsence 
of sjnji powerful oxidisers a?» hydrogen pCtoxide and potassium perman- 
ganate. Thus, for ti^ample, it is well known that, upon exposure to 
sunlight, iodine is ordinarily liberated from a solution of mereuric iodide 
in potassium iodide. Curiously enough, if traces of iron salts are rigidly 
excluded, the liberation of iodine does not take place. 

Ferrous salts accelerate the oxidation (jf sulphurous acid to^ulphuric 
acid in the prcf^aiee ot oxygen.'* « • 

Ferrous ehloride accelerates thd oxidation of sta^mofis chloride 
solution in air, the maximum effect being obtained with oifh molecule 
of FcCl 2 *to 100 molecules of Snftlg.^ 

£f:rr()us s^xlts accelerate markedly the reaction between persulphates 
and iodides, as represented, in the case of the potassium salts, by the 
equation 

A f 2 KI - 2 K 2 SO, f 

Inpaeid solutiop ehloji\t,es are reduced to chlorides by solublemdides. 
For example, in the case of the potassium salts the reaction proceeds 
as follox^^ : 

K( IO3 i t] I I2SO4 =KC1 + 3K2SO4 + St, + 8H2O. 

Addition of a small quantity (Vf a ferric or ferrous salt greatly accelerates 
the reaction, duo to the alternate formation of ferric iodide and reduc- 
tion to the ferrous'* solt as follows t — 

O r , 

KCIO 34 GFeL+GKI^'f 3H^S04-3KC1 f»K2S04-h6Fel34 SHgO, 

^ GFel^^GFelj^-'Slg. r 

It is well known tfiat a inixeil solutit>n gf ordinary 'mercuric chloride 
and amnlonium optlat<! undergoes decorn^osition when exposed to 
light, marcurous chloride beinglprccipitateU and carbgn dioxide evolved. 
The reaction hiay be VefA esente^ by Jthe equation • 

2 HgCl 3 4- (NH4)3C304,-2HgCl + 2 NH 4 CI + 2 CO 2 . 

^ OoroscheTiBki and Bardt, J. Russ, Phi^. Chem, Soc.^ 1914, 46 , 764, 1Q69. 

* H. S. Hatfield, ZeitscA Ekktrochem., 1^13, 19 . 617. 

» Mayer, Her., 1887, 20 , 3068. 

* Warynaki and Towtkiewicz, ..4nn. Chim. anal.» 1913, x 8 , 130. See Noyei, ^^ettaeh. 

phMikdl. Chtm., im^ai. 16. , • 

r * Prioe, Zeitsi^ fhysihai, Chem.f 1898, 27 , 474. ^ 

* Qreen, J. P\fBical Chem,, 1908, X8, 389 ; Pu^ipih^Teki and Avetkiev, V. Rvu. Ph^ 

19r8,47.*067. ^ 
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This chan^, which proceeds it a measurable rate, has been utilised 
in quantiWtivo determinations of the intensity of light— -so-callcd 
acHnameiric measurements. The sensitiveness < 'r;tlie reaction, however, 
is largely depo^ident upon the j)urit,y of the silts, traces of iron salts 
inc/easing the s^v^tiveness in pro[)ortion t<f the anuufnt of iron— pro- 
vided the amount is\eiy siiuill. Indeed, tJieri' is reatoti to believe' Ui%t 
if the solution were entirt'ly free from iron no photoelu mieal effect would • 
be observed.^ • • • 

HydfoehU>ri(‘ acid i^Vil hoot ae^^ion on gold^))Ut addiljon of a small 
quantity of ferric^ idd^ridc causes he g^ld to dissolve^, the Icrrie salt 
presumably acting jiV a cliloriuc-caif-icr -.in the ))i‘cscu« c of hydrochloric 
acid and oxyg< ii. Salts of iron ail^ViMpu ntly used in organ ie^diemi Ail 
processes as halogen-i'arriers.^ , t 

Iron Salts as Negative Catalysts. In ei rtaiii easi s sinall (pmbtitics 
of ferrous salts act as rdanii'ig agi'uts in eKemie;il reactions, and may 
therelbredie teriiud negative* catalysts. For e\a niple, ferrous sulplfate 
has long been known ^ to Iniuh r tlie action of nitric acid on metals. 

Traces of tTrrie salts retanflhe dissMnlion of niereiiry in nitric acid, 
aph (‘noinenon w^iieli is attributed'’ to <lceoni])osition of the nitrous 
acid by Uie catalytic alternate I'ednetion and oxidatieai of tiu* iron 
radicle. . • 

Oxidation* of Ferrous Salts.- •Ferrous salts are re mill) converted 
into ferric ^leri\ati\ estin a \arie'ty e)r wa)’s, 'I'lius flieir solutions are 
gradually eexidise el npeui exposure* 1^ air, witli I lie elej)e)^ltlion e>l' 
basie* ferric sails. 'I'lu* rate* of oxidation by air in the* pr* st iiee of tVi'C 
acids is, in the' ease* ed' fe*rreins sulphate*. pre»pe»rt lonal teT the jiartial 
pressure «»f the oxygi'ii.''’ Heiu'e the* aeMifatn of ine rt soluble salts, 
such as tin* '*li)orides anel sulpliate s of soelnnn. ))e>lassinni, e>r magm^siiim, 
to the solution reeiuees the' rate* t>f e)xula(ion iiT proportion us they 
decrea.se the* solubility <if the' eixygeu." /% % . * 

At (Ur'C. the relatn e* rate s of eixidalion e)f fe rrous < l.hnide, sulphate, 
and acetate. a»e* as tblleiw : 1 : |(> ; 100. 'I’he* oxidai u^ ^ ap^ears to ^ 

depend upeen the uu-ionise ei pe)i’tion of the* (lisse)J\'e d sall^^^ 

In alkaline sohrtion oxieiation ol ferrous iroi^ is fairly rapid,® but 
certain acids retard the re-aetiem. FerrelTis^sulpliale', for example, in 
the presence' eif free sulphuric acid, is ^'erv ‘J.’ible in au*. Conci'ntrated 
•hjiifftfX’hlorie acid assists the* oxidat^jii, as also (k)*lrae*e‘s of certain 
substmices, such as flTatinie aftd eupric (•hle)ridesj palladium nitrate*, etc.® 
The aerial eixidatiotf of soyoions <»f fe^ftsms salts may aeeelended 
by certain micro-organisms, known as iro| bacte'wa, Mvunford dese Jx'S 
an organism Ihnjfigh the agency of wmch*a dilure solution of ferrous 
ammonium sitHihate was emruplete ly «e)xielised^t(> ferile hydfoxide in 
• ^ • 

» Winther, 7.nUich. HtoUKh^n., 1100 ,/, 107, 237 j^IOOO, 7 , 4T)i4 * ^ • 

* M'llhine}^ Amtr. J. Set., IHOl^ (4), 2 , 0 * * 

* Seje, for example, L. Meyor, Annakn, 1X85, 23I,*I05; iSehe*ufi'len, p. 

Meyer and Scheufelcn, Bfr., 1^85, 18 , 2017 ; *Willge‘if)dt, prakl. (Jhem., 188.% (2), 31 , 
539 ; Page, Anmhn, 1884, 225 , f90 ; Aronlimm, Ihr , 1875, 8 , 1400 ; 1870, 9 , 1788. 

* Millon, Compt. rend., 1842, 19 , 904 ; Wlcjj, Phil IVatui., 1891, A, l 82 f ^9, • 

® Ray, Trann. Ch^m. Hor , 191 1 , 99 , 1^2. ' 

* M’Bain, J. Physical Chem., 1901, 5 . 023 ; Knnoa, Pror.^Pamh. Phil. Hoc., 1918, 17 , 
1$8. Compare Baakerville and Strvenaon, ./. Attier, Vbem. Hoe., 1911, 33 , 1104. 

“* MacArthBr, ,/. Physical Chem., 19U}, 20 , .'»15. 8 <-(» p. 152. • 

* See Mtiller and Kapellcr, Zeitsch. Elektroehem., 190», 1 4 , 76. 

Ann. Chim. anal., 1909, 14 , 45. 

. M ll&mford, Tretns. Chem. She., 1913, 103 , 645. 
e I rip^k IX. : 11. • • 
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fewer then thirty-six hours at 37° C.*no iron remaining in solution. 
There ean be no doubt that the natural deposits of bog irftn ore, occurring 
in Swcdcii and elsewhere, owe thcii'ipxistencc to yie actlbn of these lowly 
organisms.’ ^ ^ . 

The presenee* of jdatintjin also appears to accelerate the oxidation 
erf solutions of J'eitous salts.'’ • • 

The action ol\hydrog(*n peroxide upoft ferrbus salts is interesting in 
view of the ])ossibl(‘ conr^etft)!* bt'tween ferrous salts acting as oxygen- 
carriers in tin* bj^ood. ^The deeom|osition ofVe peroxide is Sundered 
or “ poisoned ”J>y tin* preserve oflrsenious oxrfk^bydrogen sulphid^ 
carbon rnonoxidi*, and other ,well-lnown poisons^ and* the subject is 
^forthy tif eari'ful consideration.'’ 

nal oxidising ni(‘dia, suen as pern^anganates, bichromates, etc.,*’ 
react instantaiuonsly with ferrous salts, yiehling in acid solution the 
norn^al h rric salts. Man^’^nu thods for ^he quantitative determination 
ofTron are based oittlu se r(*aetions. Tims, for (‘xample, withjiotassium 
permanganate tlu* oxidation of fe rrous siflphate proceeds as follows : — 


lOFeSO^ i 2KMn(), 


1 HlkSO, 5F(‘,(SO,), I K 2 SO 4 j 2MnS04-| 81^). 


The p<‘rsistenc(' of tlie pink* colour oC tlu* permanganate^ indicates 
with gr('al ae^'uraey when sntKeient of this reagent has been added. 
With potassium biebromate tlu* reaction procyt'ds a^cortling to the 
equation • 

Ol'YSO, f K/:r.,(), I TieSO, --^C^SO,, I SFc.lSOj), | Cr^fSO^l.-l-THjO, 


• .t- « 

the ej\d ])oint (»!' tin* reaction being determined by n nioving a drop of 
the mixture and testing with a solution of })otassium ferricyanidc, 
which remains colourless if no ferrous salt is present, but otherwise 
yicUks a di'ep bhu* eoloiT (sei* p. 2 t2). • 

The meehanis'ln of tlu.* oxidation of ferrous salts in the various ways 
mentioiu'd above* has been studied by Manehot,^ who concludes that the 
first action' , to produce a high and gciurally unstable o\id(*, termed a 
pn//U7n/ oxide; which, then decomposes into the hmd oxidation ])roduet 
(that is, the f(*rri<* compound) and active oxygen, which latter then 
oxidises a furthei* portion of the hrrous salt to ferric. 

Ferrous Salts as Redudng Agents.- -Owing to their ready oxidis- 
abilily, ferrous sa*ll\ are freqiu ntSy em})loyed as ipild reducing agents.* 
Thus ferrieyanides are Mj'duet'd to f(*rroeyanide| by ferrous sulphate in 
alkaline solution (see p. 224). > 

4n photogra[)hy ferrous, sul )hate is used for the reduction of auric 
chloride, ^ met all je gold being preeipitafed. a Thus 

, 4v!tl34 3Ft-S(>.=lAu + FoCi;fFc,(SO,)3. - 


On tedding a solurioii of a femnis»salt to, an ammoniacal solution of a 
cupric salt, ferric hydroxicto is precipitated, the cupric salt being reduced 
to cuprous and remaining in S()lution. Th^s affords a convenient 


» , t , 

^ See also Ellis, Iron Bncttria (Methuen, 19ii0). 

* Jordis and Vierling, ifnd., 1004, lo, 070. Warynski. lo<\ rit. 

* Fischer and Brieger, ZeiLich. physihil. Chrm.y 1912, 8o. 412 ; 1012, 78 , 682 ; Rocchi, 

GMm, ZenlK, 19U. U-, 1870. . * 

* The rat€> oxidation of fcri^ous salta with ohromic acid has bi*en studied by BeiiBon, 

rf. PAutfioolCAffe., 1003,7, 1. * 

* Monchof, Annakn, 1002, 32 $, 03, 105 ; Zeitsch, anor^. 379, m 
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method of {preparing ammotiiacal cuprous solutions for the absorption 
of carbon monoj^ide in gas analysis.^ 

Ferrous salts redin^e nitrites tl> nitric oxjJe. On addition, for 
example, of bTi/iuni nitrite to ferrous Mil|jhjile, barium sulphate is 
precipitated, and ll^e liqui<I turns brown. Firrie hydroxide and a 
basic ferric lutrate an‘*jiext jireeipitat/^-d, nitra* oxide being (‘volv’ed, 
Appareiitly the first produet of the reae^ioi^ is firrmis nitrite, which 
then spoilt aneously (le(;^)p!j)oses in aeeortlama' with tin* t'tjuafion ^ 

• «K<4K(\)2 loNO I jV3()„| •.>K( J),.n/>^ 

Photochemical Oxidation. M<v<iiirie chloride solution is v(‘^ue(‘d by 
ferrous chloride under the inllu<“iu|<^ of lii^ht, imrenroiis ehloiide being 
preeij)itiited. * • 

llgC'l, Fjl'l, . F(>('l, i JIgCI. 


If tlu‘ rcfritive propiirtion of ^mercurie chloride Is small. I he rati* of 
reduction is almost mdepend(inf of lly- concentration of the ferrous 
salt, and tin’ sensitiveness to Inrlit iiien'asis with dilution.*’ Kipii- 
moleeular solulioifs, lio\\(‘\( r, do ngt \ar\ito Uk* same extent, Imt tlu‘ir 
maximun* sensitiN etiess oeeiir‘#al a eoiieenlration of .'t granomoleeuh's 
of eaeti saltjyr litre, 'i’he firesc ii^-e ot*oxygen is nitho4it appree’iable 
intiuenee* on the*('e|uim|»leenlar solutions. 

Reduction of Ferric Salts. 'I'Ik* reverse reai l ions, namely eoi^version 
of ferric salts into ferrous, are likewise fasil\ effe<*t(d 1»\ means of tlie 
usual redueing agents, such as nas(*(‘nl hydrogen, sniplinr dioxidei^i^e. 
Hy tile introdnetion of yiiie info an acidified solution of a lerrie salt, 
rednelion is rapidly caused. Fxeess of acid slight Iv retard' tin* re'in'tion.^ 
This affords a eoiuenient metliod of \ olnnn ( ric'dly di lermininP the 
presenee*of ferric iron, tlie solution after redinj^on being titrated ^jvith 
})ermanganate. • * • 

Zinc dust IS particularly rapid m its aetieni. even in iKid/al solution. 
In this hitter case, heiwi'ver. the; iron is jiarliallN- preeipit .•^fd a% ferric 
hydroxide. The r<4uedion takes plare with »ii^e^in ah'^tdiite alcohol, 
and is eidire ly inde pe-nde iit of the pn sen^*e of rK'e*hide‘el hydreigeai in 
the zinc. It would appear, the refore*, that, •the- zine* acts elireetly as 
a (J^ehlorinator, anel that tlie* n-duction i*? n<d e ffe^e^eel by nasei nt 
tiyflro^en.^ Thus ; — ^ , * * 

2lvn, } Zn 2Fe('l.,^ ZuHt. 

• “ • 

Sirlphur dioxide may be passeel into sejutfoitpf a ferric salt fell a 
similar purpose^ or it n'av b<**geherated in the solution^ by ad^lition of 
an alkali sulphAe and a littlc^liliite* mineral ae*id.* Tlws. fe rric sulphate 
is reduced in areore^inec with^the e-ejuatioil • ^ ^ • 

F(-j{S 0 ,) 3 +s, 05 + 2 n,e)-ijr(S(i ,4 „ 


The reducing actiem •ef.thiosulpIAtes em ferric salts is interesting, 


^ Frischer, Zeit., 1908, 32, lOOo^ He*if Jiiann, Zmir , 1907, F,, 1.'194, fPoin 

Chem. Ind., 1907, 30, 152 ; BifJdU-. Am-r. Chiw. 1901, 26, 577. 

• Pkeini and Zuco, Cnzzf tta, 188.5, 15, 475. • 

® VVi%thor, ZeiUch. m*m.n. Fhotoch^m., 1912, ii, <H). • 

• Carnegie, Chem. Soc., 1888, 53, 408; Cumruiiiig and H. /Ve>r. Roy. Roc. 

Sdin., m2, 39, 12. f 

• Canute, loc. cU. § 

• Camming and eft. ^ Auaten and HurfT, Chem. News, 1882, 40 , 287. 
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rankinj^ as one of the few tetramolecular reactions tha^ have becai 
studied. The reduction proceeds ^ in accordance^* with the ionic 
equation ^ ^ .r 

2Fe-;H-2SA"=2Fe- +S4O/. X 

Jlc/luction of ferric salts mth potassium iodide usually regarded as 
taking place as follows,^ in the t-ase of feis’ic chloride : — ^ 

2Fen3V2kl^2FeCl2+2K(.’I-Ha; 
or with ferric splphate : — * ^ ** 

• , Fc,(S0,),|2K'l,-t»I'cS04-hIW + 4 

1|, is\|uite possible, howevea*, thAt intwmediate iodo-eompounds are 
first formed, and, Ix'ing unstable, rajiidly decompose', liberatind^ iodine.® 
Thufi : • ^ 

•‘iFeC'h.Cl-f 2KI --:2Fe(d2l H ‘2K01, 

‘ 2F('i:i2l-2F^V.l2 I I2, 

and 

r2Ki=52i.yso,i 1 k,so*. 


A useful reducing agent is stannous chloi^de, wliich* reacts with 
ferric (^iloride as follows : — ^ 

• • ‘ 2Fe('l3 f-SnClg—'^Feda-j-SnCfi, 


the reaction being one of the third order or trimolccular ® and not bi- 
moltv'ular, as Kuhlenberg suggested,’ in neutral sohiticm. In the 
presence of acid tlte ix'aetion apparently approximates to ope of the 
scc(yh(J ordi'r, but the i\!e played by the acid is not clear. 

Photochemical Reduction. — Ferric salts are reduced by organic sub- 
stances uglier the inlluenee of light. Thus an alcoholic solution of 
ferric chloruV, when ^exposed tp suiilight, is convt rted into ferrous 
chloride, the aleohof being oxidised to aldehyde. For example, in the 
case of methyl ^ and ethyj alcohols : — 

2VeCl3 + C lf301I-2FeCl2 1 H.CIIO f 21IC1, , 

2FeCl3d^^ H3.CH2OII ---2FeC1.2 hFll3A'nO+2llCl. . * 

In this reaction the light aMs, not as a catalyst, but as a soqrce of 
energy. The quotiewf , I 

* % • 

‘ » rt^quiiv'd for deeVk’orisation 

j » # Coneentijation of feivie chloride * 

• ' • * . f ' 

* In such fow oases as it has proved poasible to di^torniine. Ho^tt and Mann, Trans. 

Chni, 8 (k\, 1913, 103 , 324. 

* The reaction is reversible, for undef certain conditions ferrous salts reduce iodine 
to hydromm iodide (st'e p. 152). 

** Seunert and (Jaab, Zettmeh. anorg. C<A<’m.^895, 9 , 212 ; Seubert, t/ip'd., 1894, 5 , 334; 
Boubert and Dorrer, ibid., p. 339 ; Carnegie, Srws, 1889, 60 , 87, 

* Seubert and Rohrer.^riM. anurg. Chem., 1894, 7 , 137. 

Seubert and Dorrer, ibi(^.^ 1894, 5 , 411 ; Orlov, Jiuss. Phys. Chem. i9oc.,«1913, 45 , 
489. ^ t * 

* Noyes, Z^iUch. physikal. Chem.^ 1895, 16, 646 ; l896, 18, 118. ^ 

’ Kahlenberg, J. Anur. Chew.. Soc., 1894, x6, 314. 

* Bonratii, J^l)rai;t,CAm„ 1900, (2),8o, 283. * , ^ 



is nearly constant, from wliich it is conclucl(‘d that the amount of light 
energy requTredAo reduce a detinite quantity of ferric chloride is nearly 
constant and independent of the coiij-cntration. • 

Similarly a*ferrie sliJt of an organic acid is niluccd by sunlight, 
fernc oxalate boiitg^a well-known example.’ • 

Ve‘^C,(),i,,:-2FeC,QH 2('0,. 


In this case th(‘ progress of tlu‘ reaction m!iy fx' J’ollowcd hy noting the 
rate of etoliition of carVm dioxide. The lilne ly int s ysed^hy engineers 
are prepared hy <4X^K)'Wng to liglit . uiuhir a drawing )^iiieh serves as 
negative, sheets of php<T previously soake<l in a solution of an organic 
ferric salt. AftcT a snilahle exi^fnji' the paper is washecl/ wilh Ti 
solution of potassium ferri^yannk*. which gives the eliai%el(;^istic 
TurnbuU’s blue colour uhere the light has efbetetl the reduction of the 
ferric salt.- J * 

UltruNjoIet light •such as'that, for example, eiAHted by an electric 
spark passing be tween aluminhnn terminals, is vi ry active’ in realueing 
ferric salts, it^ activity being gre'allv mereaseel by the* pre*sence Oi 
sugar. Alteratiem of temperature' appears to exert only a small 
inilu(*iice,^ . * * 

It is mte-resting to nede’dhal ferrie-* salts of organic^ ae-ids such as 
citric, tartaIi(^ e^tc., are not as a rulf' ferric salts m the* ordinary accejda- 
tioii of the iRTin. 'J'he'^inm has e ?dere‘djnte> the* ele e trei-m galive radi(‘le 
in an analogous inaniieT tei coppe r in e»rgame’ eeipix r deriv^vtiv e'S.* 
In ferric oxalate* and in the ferrievanieles, vvliieh hitter elo^not coyti^hi 
hydroxylie eir e^arboxyhe groups, (he' ire>n is similarly m tht' negative 
radicle. 

Ferrous oxalate' is only slightly soluble' in water, but the double 
salt K2tV(F2()4)2.2H20 ehssedves more rea<hl\' The iron is mainly 
present in solution as tlie complex anieni Fe‘jC^()^)2''^ but this* 1 s*not 
very .stable, owing to dissoe'iation. which take's plae-e* as lollows 


1 ( 2 () 4 ^ 

► (Soliel) • ^ 


-r^ • 


unless an excess of alkali oxalate is prfse^il, ferrous oxalate being 
precipitated.^ • • 

• ••fhe magnetic properties of iron «alt8 have- be#n'th(' subject of a 
consick'rablc ainonnt*e)f inv'esligation.” ^ 

Reduction of Iron Salts tp Metallic Ifon.- Both fe rrous and feiric 
salts Van be reduced to the medal in alvajjietj of ways. Jn solution 
many of them ar<.*rcdm*ed b]^^ tlte* iiilrcMiuction of uiore ch'ctro-positive 
metals such aS^nagnesiumyzmc, or ulftminiumf as al^eTby electrolysis. 
In the dry vfay they are redmrd bv ficajing in a curwnk of hydrogen 

‘ Seo Baur, Zeit^ch. ph>jsik<d.(Htnn„ 63r08;t ^ Joellhaue r, ihid., 190f, 59, .51(3; 
Umoine, Compt. rend., ISUf), 121. 817 ; 1895, 120, 441 ; 188.3, 97, 1208 ; Roloff, Zcitfdi^ 
fhifsikal. Chem., 1894, 13, 327f .iexlin, ('omptfrevd., 1882, 94, 1315 ; Eder, J. Chem. $ac, 
Akatr., 1881, p. 670. The reaction wa« knoven and made uae of in actinoine^ry long b^oro 
these dates, hovever. • / 

* The photochemical aenaitivonwa of variouH organic aalta haa been examined by 
Winther and Hejwe, Zeitach. wisa. Photochew., 1914, 14, 196 ; Ve^lbauer, he. cit. 

’ Bass, J.Amer. Chem. Soc., 1^00, 28, 786. • 

* Hokeruig, Tran*. Chem. Soc., itll3, 103, 1368. « 

* Sheppaai and Meea, Trans. Chem. Soc., 1905, 87, 189. 

' * l^MdU, OompLjtnd,, 1908. 66, ete. 
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r carbon monoxide, or with ziikc dust by ignition with carbon in an 
ir blast (see (liapter III.). • * 

When h rrie aeet«HU* stklntiou is ^xposed to hydrogrti gas at 850° C. 
nd under ‘280 ahnosp'heres’ pressure, ferric oxiae is precipitated as an 
nhydrous red tuass, insduble in water but solulih^in hydrochloric 
^•id. At too ’ ('itand under a pressure of 420 atmosplKTCs, metallic 
■on is obtained.* • • • 

Alloys of Iron* Thes(tarc*d^all with in Part III. of this volume. 

• » . • 

* 1 •f[)atioil«and VVorchowHl^y, ficr., 2^78, 



CHAPTKIJ VI. 

COMPOUNDS OF IrAn \JWII HYDRCfbEN 
AND TUB, "HALOGENS. 

Iron Hydride.-- It is a moot point as to A\lu‘th(‘r or not a hydride of iron 
is capabl(‘ of existeiiee. It rfns been sno^A'sted that ferrous hydride 
results oi# treating tiTroiis iodide with znie ( thyl. •^fhu.s * 

• Fel 2 I ZnEtj Znl .2 hFell^ 1 

but the evidencetis not eonelusive.^ 

• • 

IllON. AND Fl/UOlUNK. 

, . . • 

Ferroms fluftride, VeF.^, may hv obtained as eolourless monoelinic 
crystals of de nsity 4-Ot) by heatin^^ rc'dueed iron or auhydrou^ ferrous 
chloride to redness in a current of eVy hydro^un Jhioride.^ In the 
amorphous condition it results on passiu^^ hydrogen Ihu^ruU over tVrr^ms 
chloride ni the cold. 

It volatilises at 1100°C.. and isredu(*(‘d b)’ iiydrogc ii at high 1ein})era- 
tures to nietallie iron. It dissolves slowly in wa^er, and the solution 
gradually deposits hydrated ferric oxide. ^ ^ 

The tetrahydrate^ FeF2.4ll20, results in the Ainu of white ofTCaintly 
green prisms when iron is dissolved in aqueous hvlrogen, fluoride and 
the solution allowed to crystallise at the ordinary teuif^vraiifi’e. On* 
warming gently the crystals lose*tlieir eontbi^U'd \fater, and the 
anhydrous salt is left. The crystals aijp more solubh- in liydrogcn 
fluoride solution than in pure water. The solution decolorises pennan- 
*g».ate, the ferric salt being obtained, an’d the sanf(^ result accrues, 
aloeitb more slowly,* by simply expoTsing the aqui^ous solution to the 
atmosphere. • • 

'Jlie mineral acids dissolve* the crystals completely. When ignftcd 
in air, ferric oxkF^ is obtained, as also when the ^)^y\stals are fused %ith 
an alkali carlymatc. Douye salts fomned by union \^ith thq fluorides 
of the alkali and certain otijer metals have ^)C(n 4eseribed.^ niese 
may be termed • • 

Ferrj)JluoxideS or Fluoj^rrites, , , 

Thus, for example^ .with amifioniurn fluoride two salts have ^ 
been obtained— namely ammonium^ trifluoferrite, NH,FeF 3 . 2 H 2 Q or 

^ Wanklyn and Carius, Annalcn, 1861, I20, 69. S(ie aUo Dupaaquier, Compt, re^ftd.^ 
1842, Z 4 , 611 ; Freaeniua and Schlosaborger, Annakn, 1844, 51 , 416. 

* Pdulen<vCowjpi. rend., 1892.|IX5, 941 ; Ann, Chim^Pkyti., 1894, (7), 2 , 6. 

» Jtfarignac, Ann. Chim. Phy$., 1860, (3). 60, 306 ; k<73, (4), 30,^6 f K. Wagner, Ber., 
1886, 19,, 897 ; Barteozko, JD^ertaUon^ 1900 } Weinland and llOppen, ZeiUch. 

anorg. CAem., 1900,«2a, 266. ^ ^ 
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FeF,.NH«F.2ll20 (green); and the fetrafluoferrite, (NI^)jFeF4 <w 

FeF2.2NH4F (brown). With poiassium fluoride the* flesh-coloured 
trifluoferrite, KFcF3.2il20 or FeF^.KF.2ll20, is fonifed. The tetra* 
fluoferrite, K2FeF4, is also known. ^ 

Alumiidum pentafluoferrite, AIFeF6.7H20 or ^FeF2.AlF3.7H20„ }s 
o(^tain(‘d as sinaW, ^^rccnish-white crystals oiif nAxing a solution of 
•ferrous carbonaie in dilute hytlrofluoric* acid 'with one of aluminium 
hydroxide in the same aeifl aAdVoncentrating over lime at the ordinary 
temperature.'^, */ • • 

The ferric analogue* FeF2Jf'VF3.7ll20, has also 'ly.'eii obtained (see* 
p. HO). • . f ' • 

• Silicon hexafluoferrite, SiFeF«.(J>^^2^' more generally known as 
ferrous fliosilicate, Fc SiF^.^llgO (s(;e<p. 240). 

* t 

Ferric fluoride may be^)blained in tlie hydrated condition by dis- 
solving ferric hydroKirle in acpicous hydrogen fluoride,-^ or by pxidation 
of ferrous lluoride with nitric acid in the*pr(‘senee of hydrolliioric acid. 
Upon eva])orati()n crystals of hu‘ nonahydrate, 2F('F3.0tl2O, separate 
out, which, at 100" C., yield the hemhydraU*, 2FeF3#0ll2O, and when 
gently heated in gaseous hydi*og(‘n lluoride, evolve water yielding the 
anhydrous salt, F('F.j. , * , 

The last-rudiK'd is also oblaiued ‘when hydro<;en lluoi*i(<(‘ is passed 
over red-h(»t iron, fe rric oxide, or ferric chloAde ; *or ^y heating 
the double salt, ferric amnifnium lluoride, F(‘Fj..3NHiF, in an 
inert gas. * 

•At 1000 ’T. ferric lluorith' partially volatilis<‘sand partially crystallises 
to small green crystals, [)ossil)ly trielinic,'* of density 318. When fused 
with i^lkali carbonates it yields feme oxide, as also wlien ignited in air 
or steam, llydrogefi reduce s tlu* salt at dull red heat. Boiling water 
diss(4\«'s only tr;iees the ardiydrous salt. Acpieous solutions of 
ferric lluoride arc' eolourU‘ss, and their electric conductivity very 
small, ^o llRit but little ionisation takes place. Determinations of 
*thc freezing*- jxiints of dilute solutions^ indicate a molecular 
weight corresjiondiiyg to the simple formula ^cFg. Addition of 
ammonium hydroxide cipisls tin' precipitation of a yellow basic 
fluoride.^ , 

It has b('(‘n sugy<\sted that tli^' formula for the hexahydrate woWd ^ 
be more correct ly ^ represented as Fe2F4(OII)2(IlF)2.4ll20, sinc^ only 
two atoms of Ihiorine euter«inlo double^ decoinposition with barium 
chlryide solution, alth(plJ|^dl the m 'action is complicated by the preci^^ita- 
tion of barium lerrifltn)ride,*Ba 3 \FeF,.) 2 » Again, on b(5iling the salt with 
alcohol, t»wo molecules (jf hydrogen fluoridcHarc readily Involved, whilst 
the remaining,liiv)7inc is ('xpelled Very slowly. On jirolongM heating at 
95” C. ati«3xyJliforide, Fo^OF 4 , is pi\>duced * 

' * Fc,F4(0II),(Ilf’),.4il40=Fe;01;\4-5lI,0 + 2HF. 

* Wagner, loc. cit. 

■*Weinlantf and Koppon, Zeit^ch. anorg^Chem.^ 1900, 22, 266. • 

* The heat of neutralisation, Fe(()H)3.3HF, Aq., is 23,745 calories (Petersen, Zeitec/i. 
phjfsikal, Chtm., 1889, 4, 3S4 ; Her., 1888, 21, 3257). 

* Poulenc, Compl. rend., 1892t 115, 941 ; Ann, Chir\ Phys,, 1894, (7), 2^. * 

* Speransky, J*. Rhss. Chem. Stu^., 1892, 24, 304. 

* Soheuier-lAstnor, Ann, Ohim. Phya., 1863, (3), 68, 471. 

’ ReoOura,,Coi»pf. rend., 1912^x54, <^^5, 
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These resetions appear to indicate that four of the fluorine atoms are 
attached to the iron considerably more firmly than the remaining two 
atoms. • ^ 

Some double salts have been described,^ and tjiose of general 
fgymula • 

• • • Ft Fg.sMF, or MjFcF^, • , 

• • * * 

are known as Jerri fluorides or he.raJluoJerfati^. 1'iiey form an isomor- 
phous series, likewise i^ftinorphous with corresyondinjiy dQubl(‘ fluorides 
•of aluminium anc^ chromium.- 


Ferrijluorides or fliif)ferrates, M 3 Felv,. 

Thc^sc salts arc usually knO|Wn as ferritiuorides. 

Anirnonium fe|TifluorideT (]Mli) 3 FeF(,* is pre pared by nearly 
neutralising a solution of ferric lluoride in b}Mrotluoric acid with 
ammonia, anj evaporating.^ • , 

Barium ferrifluoride, Ba 3 (F(‘Fg) 2 , is obtained as a precipitate when 
barium eblonde ts added to an acpieous solution of ferric tluoride.^ 
PotaaKium ferrifluoride, 4<3FeF6, may be obtained in a similar 
mamicT to tl;e sodium salt, tvliich jt clo’sely restinblt's.-'’ • 

Sodium *fer«ifluor^ey NagFeF,;, is obtained on adding ferric chloride 
or fluoridcT^o a neutral solution of sodium fluoride.^ It is foryicd as a 
white, crystalline precipitate, which isVmly sparingly soluble m water. 

It docs not give a red colour with tliioeyanates, thus indicating tlmt^he 
iron atom is ])art of the negative radicle.’* 

The .subliydrate, 2Na3FcF,;.H20, has also be(‘n obtaim'd.^ 

Sodium lluoride and ferric lluoride yield a euiegtic mixture, ifielting 
at 892 °»C. and corresponding in eomposilion/o the formula 65 ^^aF. 
35FeF3.« 

Thallous ferrifluoride, 3TlF.2FeF3, is obtained^as j)in]c crystals on 
evaporating a solution of thallous fluoride and cxci^iss dl’ ferric* 
fluoride.** • • • • 

Ferrous diferrifluoride, FeFegF^^.lO^gO, o? FeF 2 . 2 FeFg. 1011^0, 
.obtained by the action of hydrogen lluoridc^on iron in the presence of 
njtric acid, crystallises in colourless* oetahedra, which appear flesh- 
* COT 0 uj:cd in thick Jt gives^ the ordinar/ ferrous and ferric 

reactions only after ad^lition of an aeid.^** •» 

ferrous monoferrifluoride, FeF2.Fe^3.7H20, is obtained as yeWow 
crystals on mixiiy^ a solution of ferric Tiydroxidtf jn dilute hydroflftoric 

*• • 

^ SeeReooiya, Cornpt. rend., 1913. 156 , lOlik; 1912, 154 * 0 . 16 ; i#phraim and Barteozko, 
Zeitsch. anorg. Ghent. ,^1909, 61 , 238 ; Christonserl J. prakt. Ghenf., 1«87, { 2 )^ 35 , 161 ; 
Guyot, Gompi. rend^, 1870, 71 , 274* Nick|d 8 , J. Pharm.^hir*., 186lf, (^), 10 , 14 ; 1868, 
(4), 7 , 16 ; Marignac, loc. cit. ; Pogg. Annak*., 1820, 4 , 129. • # 

* Helmolt, Zeilsch. anorg. Chem., 1893, 3^116. 

* Marignac, >4n». Ghim. f'V-. 1»«0. (S)* 6 o, 306 ; 1873, (4), 30 , 4fi ; Wagner, Ar., • 

•4886, 19 , 896. , 

* R^oura, Compt. rend., 1912, 154 , #65. • 

® Wagner, loc. cit. 

- " « Greeff, Ber., 1913, 46 , 2611. 

' ’ ^eitsch. phyaikal. G/fm., 1898, 26 , 193. * 

* Baskov, J: Russ. Phys. Chem. 80 c., 1913, 45 , 82. • 

, * £|^iraibi and Barteozko, Zeitsch. anorg. Chem., 1909, 61 , 238. 

Bemnen, MomUsh., 1907^39, 163. • 
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acid with a solution of ferrous carbonate in the same aci^ and con- 
centrating,^ at the ordinary temperature over lime.* • 

Cobalt ferrifluorid^,. CoF2.FcFy.^Il20 (rosc-cj)loiirea), nickel ferri- 
fluoride, NiFy.l^jLFy.Tll^O (i^reen crystals), and zinc^ ferrifluoride, 
ZnF2.FeF3.7ll20 • (faintly fed crystals), have becyk ^obtained in an 
analogous nuiiiner.* - * 

IRON AND CIILORINF; 

• • • • * ^ 

Ferrous chloride, FeC'l,^, may be o^)tained in tlie anhydrous condition* 

in^a variety of ways. A eoiiVLfiient ipethod consisls in heating to dull 
red hcatk'xeess of iron lilings in«jiVbrrent of chlorine, of ammonium 
chlorije,'‘^*or of gaseous hydrogen eKlorid^*, the latter methods being 
preferable, as the lirst-named gcaierally vields small quantities* of the 
ferric salt. Ferrous ehloricfe also nsultsVvhen ferric eliloride is heated 
in a current of pu?<f hydrogen * ; but care must be taken .^hat the 
temperature does not rise too high, or thy ferrous chloride will itself be 
reduced. 

When a eurrent of low digisity is passed through dilute ethereal 
solutions of ferric chloride, reduction to IVrrous chloride taken place at 
the cathode.'* , * • 

If till' hydrati'd salt, FeCl2.4ll20, is dissolvi'd amnyuiitim chloride 
solution, evaporated to dryness, and subsequently heated in the absence 
of air, the water and ammoniun^ehloride escape, leaving the anhydrous 
ferspus ehlorgle behind.^ 

Anhydrous ferrous (diloride as obtaimal by these methods is a white 
scaly crystalline substance when j)ure,‘* but usually it possesses a yellow 
colour*in eonsc'cpK'nec* of the presence of traees of the ferric salt. Its 
dciisUWs 2 -53. 1 1 readilv dissolve's in alcohol and in water, with tke latter 
yieldiiqjKi eolourlAs solwnon which luriis green uj>on exposure to air. 

When heated strjjjiigly in air ferric chloride and oxide are produced, 
•the fornhjr voUitilising, 'riuis : — 

• l^FeCly 4 -a 02 -HFeCl 34 - 2 Fe 203 .» 

When heated in steam, ferrous chloride yields hydrogen chloride and. 
ferroso-fcrric oxi(f<' : — 

t • 

nFcCl^J 4ll20=Fe304+(5IICl+lf2- 

• * 

In the absence of air, J’eiTousjdiloride filVes at red heat and volatiiises 
at ySlow heat.’ Its vapoui’^leifcity has been determiijed under various 
conditions, both in an atmospherg of nilrog^i and of ga^:)us hydrogen 
chloride.’ At bry^ yelfow heat i« the latter gas the densities obtained 
in two ^}*pcri/i:^nts corr^ispoiilled to molivjular weights of 192*1 and 
188^ respectively — values ^lat he midw^ay Utween thos*e for the simple 
molecule FcCly (namely 120-8) and the double molecule FcgCl^ (namely 
258*6), respectively. This suggests that the^ vapour consists of a 

^ Woinland and Koppen, ZnUfch, a%org. Chem.^ 1900, 22, 20(j. 

* Oeuthor and yoraberg, Annaknt 1801, I20, 273. 

* Wohler, ^lanoifn, Suppl., 1805-06, 4, 256. 

* H. ,E. IVilliams, Anier. Chem. Soc.^ 19\2, 34, 1014. 

* 1^ Geuther and F^rsberg, Annalen, 1861, 120, 273. 

« Wohler and Liebig, Pogg. AnnaUth 1B31, 2X, 582. 

TfMeyer, 8 er., 1879, i 2 » 1193 ; 1884, 17 , 1335» 
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mixture of double and single Aoiccules in equilibrium with each other, 
as represeftted*by the equation 

• Fe2(l4 -♦-‘iFcCIg. 

• 

.* At toNspO*^ C. dissociation into Single inoleeulcs of FCCI2 is 

complete.^ • • • • • ^ 

In boiling solutions of Organic? liquids such ai^ pyridine, ferrous 
chloride appears to have the simple formula f'eCl^.*^ 

An'*ethemil solution of ferrous chloride* iioatc(i in«a sealed tube 
•with ethylene ab^orbu the gas, yielding ti compound, iVCl2.C2H4.2ll20, 
in the form of cofourkss, needje-shaped crystals, readily soluble in 
water. , i 

Ferrous chloride unites jivith bromine to yield an imstaflc ghloro- 
bromide, FeCl2Hr (sc^e p. lOd). 

Ferrous chloride readily ibsorbs ammdnia, yielding a voluminous 
white m^ss, which bn warming evolves sonu* of tltif gas again, whilsl on 
heating to above 350'^ C. r(*dJi(‘tion ta]ces place, iron nitride being pro- 
duced. Two^dejinite compounds have been (detained, namely the di- 
ammoniaU', FcC'^.^NlIj, and tlu* hcd'ammoniate, Fe('l2.GNH;j ; whilst 
the exij^ence of the mona)nm()ni(ii(\ f\*Cl2.NIIj, has been (letected. 
Between the temperatures of - and«3,')()° C. the reaetjon is reversible, 

the equilibrtui^ beinJ^reprcsentecFas follows : — ^ 

a'NH3l-FeCl2^ -itVCl2..rNII • 

The h('\'anini()niat(‘ is foruK'd at tlu* ordinary temjx ra^ture, andHhe 
diammonuite by heating the hexammoniate to 100'^ C. in hydrogen.® 
The dissociation jiressurcs and heats of dissociation of these com- 
pounds have been delennined as follow ^ ^ * 


• 

'retnjKTature, 

C. 

• 

• 

DiHKociution 

PrrSUAie. 

mm, 

• • 

• 

11 rat of 

• DisHooiation. 

* (-al8. 

FCC12.6NH3 . 

• 

90 

% 

^ 270 

• 

IS‘65 

feCl,.2NH3 ... 

23(f 

12/ 

20-8 

277 

• 

^ 555 

20-7 

Fet^.NlIs . 

21 4 -s* 

► * 

22-5® 


• 277, 

54 4 ^ 

J 

^31 

i 

W 

^ «> 



• , , ^ ^ j 

With mcthylaminc, ferrous chlqridc fields Ywo'feornpoi/nds : nam^ely, 
a white voluminous compound t?ontaining si^ molecules of mcthylamme, 
FeClg.GCHgNHg ; and atgjey compoftnd, FcCl2.2CJl3NIf2. 


‘ Nilson and Pettersson, Trans. Cheni. So(k, IH88, 53, 828. 

* Werner, Zeitsch. anorg. Chem., 1897, 15, 1. ^ 

® Kachler, J. prakt. 1869, 106, 264. 

< Gfc-arde^ Bull. Soc. chxm., 1910, (4), 7, 1028 ; FoWler, TranJi.^Chfin. Soe., 1901, 79, 
285 ; Miller, Amer. Chem, J., 1895, 17, 570. 

, • Millar, 4oc, ciU 

* Biltz and HilUig, Zeiisch^anarg. Chem., 1019, 109^99. 
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The hydraziriate, FeCl2.2N2ll4, has alSo been prepared.^ 

A study of the vapour tensions of hydrated ferrous chloridS indicates 
the existence of four hydrates — namely the hexahydratf;, FeClg.CHjO ; 
tetrahydrate, FeCIg. tHjjO; dihydrate, FeCl2.2H2<!»; and monohydrate, 
FeCig.lL^O.^ Of these, the best known arc the tetra-,<[nd di-hydrates, 
th^ former bein^j; tli»* usual hydrate under norma^co«*ditions. 

• The tetrahydrate, FeCl2.4-Il20t is readily obtained in the form of 
bluisli monoelinie crystals «ivh<*u 'iron is dissolved in aqueous hydrogen 
chloride and t/ie solution evaporated out of ctjjfitact with airi? The 
density of the eiVstals is 1 They deliquesce upon exposure to < 

air, acquiring a greenish colour (^onsequent upon slight oxidation. 

•The t^rahydrate is converted iitf) the dihydrate, P'eCl2.2H20, on 
[‘i^ing, th(' transition temjfenfture for the phases 

FeCla.tl^O ^ - FeCl2.2ir2b 4-21120 
being 65-2° C.^ P>(q,n a saturated solution it sepan^es out at 72-6° C.* 
In a saturated solution of ferrous magn(;sium chloride the effhydrate 
forms at 18 -2° The dihydrati' is also formed by allowing the tetra- 
hydrate to ellloresee at the ordinary temperature in a vacuum ^ ; and by 
passing a eurriait of dry hydrogt ii chloride through a saturated solution 
of ferrous chloride,^ when it is obtained as*rin(‘, transparent pjfle-green 
needles, which 4o not alter in a vacyum. 'The IkcUs of fe^mation of 
the anhydrous and hydrated salts are given as fc^ow ^ 

[Fe] 1-(CM2)4-Aq. -FeCla/q. | 01), 950 calories,’' 

« [Fel {-(Cl^) ~[FeCl2l4-t’>‘^, 050 calories, 
whc*nc* [FeCl*! i Aq. ^^Fi Clg-Aq.^f 17,000 calories. 


gentle h( 


*[Fe| -l- 2 (lI('l)^[Fet'l 2 l f (II 2 ) -f 00,000 calories,’' 

|Fe| I 2lU'L^flp--Fe('l2A(|. | lIo4 21,820 calorics,’' 

‘•«tJ^eCl2] f 24120 ^>i<\'Cl2.2ll20J 1-0020 calories, 

lFeCl2.2n20[ ] 2ll2O-lFet’l2-‘Ol2Oj4-2520 calories,’^ 

. IJ'VClJi f2[ir2'^)J -lFeCl2.2ll20] 1-0100 calorics, 

[FeCl22fl,OJ >2|^l2OJ=[I''cCl2.4Il,O]+2600 talories.” 

(solid) f 

The heat of soiulion of the dihydratc at 20° (\ is 8700 calorics.’ 

A monohydrate, F^^do.IIoO, haStbeen described by Lescoeur.^’^ 

The solubility of fcrrc^is chloride in wafer is as 'follows 

Temteratun', ‘ 0. . 16 18 25 ' 28 43 *50 53 72 89 96 118 

GranwitFoCla j)er l(K) , • ♦ 

grama solution . 40-5 •40-9 ll o 42-5 44,4 45 0 4,5-9 49-2 61-3 5l-0 61*7 



^ Franxon and O. v<^i Mayor, Zeitsch. af%org. Chem,, 1905, 60 , 247. • 

• Loacdbig*, 1894f (7), 2 ^ 78. ^ #. 

• jUeaooour {lot, cil. ; iSoc. chim., 1894, (3), * 11 , 853) statea^that by the same 

in«tlft)d he dbt^ned the Fen,.6 lfjO. r * , 

• Kremann and Noaa, Monat^k., 1912, 3^ 1205. 

^ * Boeke, Sitzungsber. K. Akad. Berlin, 1909, 24 ,*' 032 . 

• iBoeke, Jtdtrb, Min., 1911, 1., 48. , 

’ Sabatier, Compt. rend., 1881, 93 , 56 ; Bull. ioc. chim., 1889, (3), X, 88 ! 

• Sabatier, Bull. Soc. chif., 1894, (3), ii, 546. 

• Thomaen, Thermoche,mi.<ilry, translated by Burke (Longmans, 1908), p. 264. 

w Sabatier, Bull. Sm. chim., 1581, (2), 36 , 197. \ * * 

‘‘ Sabatier, itud., 1889, (3), i, 90. 

}* Xieeooenr, cU, 

Etard, Ana, CMm, Phys,, 18S4, (7), 2 , 603. 

t 
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The specific gravities of solutions of ferrous chloride at 15*5® C. at 
various concefifrations are as follow : — ^ 

-±. J • 


Grams of FeCl., in 

Specific Grav'tv at 

VlOO c.c. of Solution. 

15-5*^ C. 

V_t 

• 

• • 

w 

5 10 

• , 1 ^459 

• s 10-27 

1 -0892 

* 19-73 

M6#?8 

. • 3016 

• 1-2528 

44-65 . 1 

• 1 -3074 

54-20 \ 4 

1 -4439 

v.i 

1 


Ferrous chloride in acid* solid ion is jmrtially oxidised by sulphur 
dioxidcito the ffrric salt, sulphur being dej^efsited.- Solutions of 
ferrous chloride in various sdlvents such as water, alcohol, ethylacetate, 
pyridine, etc., absorb nitric oxide, the extent ol‘ absorption depending 
upon the conefnt ration of the iron salt, the teni))e?*ature. gaseous 
pressurg, and the nature of the* solvent. Tin* limit of absorjition is 
reached with one ^loleeiil# of NO to* one atom of iron. Presumably 
the oonipcTtmJ Fe(\.NO exists In solution, most ])ro*l)ably combined 
with the solvent. ^ Ir has not as yet been isolated.^ 

Dry ferrous chloride also absijrljs nitrogen pcroxidi*, yielding a 
fairly stable compound 4 F(*('l 2 .N()o, which does not lose* its nitrogen 
peroxide content even in vacnoJ* In the presence of moisture more of 
the gas is absorbed, but the reaction is eompli(*ated. ^ 


I 

^ F err ochlor ides or Cldorfejriies. ^ ^ , 

Ferrous chloride readily unites with other metallic chlorides to form 
double salts, a considerabh* variidy of which' 'f*. kno\tn. Those of 
formula MaFeCl 1 n^eall the ehlor-ruthenites, M^Hut l,, already discussed.'^ 
The best-known double salts are as follow : — 

Ammonium tetrachlorferrite, (NIIJgFd I4 or FeCl2.2Nll4CJ, is readily 

^ » Dunn, J. So(\ Chfoi. hul., 1902, 21, 39(« ; 

“^Jraythe and Wardfaw, Proc. Durham Phil. Soc., 1913-J l, 5, 187. 

* See Graham, Phil. M(^., 1828, 4, 205, 331 ; (^y, Aun. (,'him. Phiji*., 1885, (0), 5, 146 • 
Thedas, Bull. Bor,, chim., 1898, (3)t 19, 313, 41U,; Manchot and Zcehmlrnayer, Andi^tien, 
1906, 350, 368 ; Maij^ehot and Huttner, thid., 1910, 372, iV.i/ ^ 

* By passing nitnc oxid. ink) saturated ethereal solution of ferric chloride until HO 

more gas la absijftied, and subsctjiiently eoncehtrating the solutiolV over sdlphurjo aoi4> 
Thomas (Comfjpt. rerid., 1895, 120, 447 ; the ihsult is dispuU^d byBellucci, rVazstWo, 1914, 
44, ii. 384) isolated ‘a substance in the form of black needles 'to Vhioh, ho aiiioril>ed 
the composition n^presented by the biriyula, TeClj.Nt) f 2i!jj(). Ac' 60'^ small yellow 
crystals of on anhydrous eomiaiund were ohiainc'd, to‘ which the formula, heClj.NO, was 
given. The substance proved to be readily, soluble in water without gaseous evolution, 
yielding a yellow solution tho colour of which deepened on warming, and from which"’ 
caustic alkalies precipitated ferrous hydroxidj*. , j 

A second Vilid substance, brownish ye!h>w in colour, is desorilied (Thomas, Compt. 
rend.f 1895, 121, 128) os resulting on heating feme chloridy in a current of nitric otide. 
Partial reduction takes place, leaving a residue of comjiwition corresimnding to the 
formula, 2I%C|j.NO. A red h^rgroscopic ami unstabfe compoup/1, fOFeClj.NO, it alto 
detoribed. 

’ * Thomas, Compt. rend.f 1897, 124, 366. 

* This voluracfPart I. > ' ^ 

1 > 
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obtained by concentrating a mixed solution of the constitijent salts.^ 
It is slowly soluble in water. The solution is reduced 1>y zinc at the 
boiling-point, depositing .nietullic ircui. 

Caesium tetraphlorferrite/^ Cs2Feel4.2ll20. 

Caesium trichlorferrite,‘‘^<'sFeCl3.‘2ll20. 

•Magnesium teWachlorferrite,=‘ MgFc ( l^.HlIgOi * • 

• Potassium telr^chlorferrite, C 14.21120 or 2KCl.Fe('l2.2ll20.— 
This salt occMirs in mi^urv* iis^Doufflasife (see p. 29) and is formed by 
mixing soluticMis ^)f Cerjous eliloridt* and potassiiim chkin’ide * it the 
boiling-point and^eoneefdmtingiiji tlu- warrn.^ Ittis slable up to 85° C. * 
The fHoTiohy(ir<tf(\ lv2lH‘C'l4.Il20f is fleserihed ^ as rorniing red, hygro- 
scopic priims. " ^ « 

PobasslUm trichlorferrite,« Kb'eC’l 3 « 2 ll 2 (i. 

Ruoidium tetrachlorferrite,* llhoFed^ 21120 . * 

Rubidium trichlorferrite*’ lU)FeCl.,.2lfr/). 

Jlodium ehloridi' fkes not appear in yield douhle^alls of tlii.s type,® 
but the douhh' sodium-potassiiini sail , ' FeCl ,.3K('l.\a('l, oeeurs in 
nature as rinneite (sic p. 29). « • “ 

When ferrohoron is heati'd in ehlnnni', irirleseiait ^^reeii ervstals of 
SFeCl^.lld.j are ohtained.*^ * * , ^ 

With stannic ehloridi', ferrvus stainiUitloriih'., FeSnd, .(Jl [.,0, is 
obtained. ' y' “ 

Fepic chloride, Fi'C’l.,, occur, <i*in naturi' in tin* la\a of Vesuvius, as 
thcjnyioral ny)lysif(\ In the laboratory it is pri^pared in the anhydrous 
condition by passing a rapid current of dry chlorine through a retort 
over heati'd iron uiri', advantageously cut into pieces some 0 mm. in 
length.* The lerrie ^'liloride volat ilisi s and condenses as beautiful 
crystals on the upper, eo^^er portions of th(‘ retort. • 

At TTk' (‘lid ol 'tlii' (iperafion the h('<iting is discontinued and the 
chlorine expelled (V<^y> the apparatus by a rapid current of carbon 
dioxide. • Thei>alt is now rapidly transtevred to a tube and hermetically 
sealed. % « ‘ ^ ^ 

Ferric chloride imTv also l^e obtaiiuil by passing a current of dry, 
gaseous hydrogen chloride Aivi'r hcjited amorphous ferric oxide; by 
passing chlorine oter hi'ati'd ferrovs chloride ; and by heating togethgr 
ferrous sulphate and f aleium ehlorifle." . • 

As prcpaiTd by any ^of these methods ferrip chloride (’onsisfs of 
darl^ iridescent, hi'xagonal se*des, which ♦appear red by transnii^^^ed 
light,® but exhibit a gn-eh lvslri‘ when viewed by rejle(ki‘d light. It 
melts under lux's.sure at ;i()l° t'., but \ f>laUlises at 280° Jo 285° C., at 

* Wink.lt»ii| R( ft. J^ann., 59,^ 171., Sc<> uIhu Hisinger aAd Herzehus, dilberCa 

Annakn, 1807, 27? 27:t ; Migol, J. prukt^ Che^., 18:t4,^, 102; Chasain'aut, Ann. Chtm. 
P%.: 1803, f«), 30. 5. • 

* Wilke- Dorfurt ami He vne, Bi r., 1012, 4c, 1012. 

■ Bocke, ./aAW). Min., 1011, I., 48. • 

* ^habus, S^HzungKsber. K. Aknd. ir»\v.9. V ini, 1850, 4, 45^‘ 

* Fritzscho, J. prakt. Chnn., 1830, 18 , 483. ^ 

« Boeke, Jahrb. Min., lOW, I.. 48. 

’ Wilke- Dorfurt and Heyno, Her., 1012,45, 1012. 

* Boeke, Chem. /jeti , 1008, 32,* 1228. 

* J. HojRmani^l Zieitsch. anorg. Chem., 1910, 66, 301. 

Biron,.y. Ru^a. Fhy». Chem. iioc., 1904, 36, 489. 

” Deville ami Trooat. Conwt, rtnd.. 1801. 1 : 2 . 920. 
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atmospheric pressure, its real iflelting-point at 760 mm. being 808*^ C.^ 
Between and 442° C. its vapour density in an atmosphere of 
chlorine is practtcally constant, and corresponds. to the double formula 
Fe,CI«.2 • , • • \ • 

,At temperatures above 500° C. anhydroi^ ierrie eli/oride dissociates 
into the ferrous saV j^id fre(‘ chlorine, tlie equililauum being repre- 
sented by the equation T— • * 


• , ••l^e2CI(j- ■^he2(i| [ C l2. 

• • * • 

The dissociatiffn Already pere(q)tibl^ at 122° C\,‘‘ l^it is very small, 
becoming appreciable onlv* at temj)eraPures in tlie neigh bfnirhood pf 
500° c. ■ • / 

At liigluT tem])eraliires f>till, tlu' (errons ehl(»rid(‘ dissoende* into 
simple fnoleeules of KeCl,. These facts probably sulliee to account for 
the low results obtained for fhe densily of'lerrie chloride in an ii|ert 
atmosphm‘, such as nitrogen,'*^ since under thes(‘ (s^ndilions dissociation 
might well b^ I'xpeeted to pwx'eed t(^ a gr('at(‘r extent at any given 
temperature than in an atnK)sphere of chlorine, by the law of Mass 
Action. * . • 

In bfiiling solutions of al«*ohol, ether, pyridine, and other organic 
solvents, ferry* ehloi^(‘ appc^lirs lo^exisf as sinij)l(‘ moh'^ules ^ of FcC-lg, 
if the int(Tpr('kition\sually placed upon tin* results that have been 
obtained is regarded as correct.** ^ 

When lu'ated in a (‘urrent of hydi’t)gen, icrric chloride is reduced 
to the ferrous salt,^ provided the temperature is not al]ow(*d to ruKi k'lO 
high; otherwise further reduction ensu(‘s. Traces (»f reduction can be ^ 
detected aft('r several hours at temperatures as low as 100° ('.** Heated 
in oxygen, chlorine is c\'()lvcd, lea\ ing a residue ol^ferrie oxide ,* and, 
when hc,'tt(‘d in steam, gaseous hydrogen chloride .and ferric oxide^arc 
produced. Anhydrous ferric chloride absorbs n1tri<* oxide at («‘(bnary 
temperatures, yielding a brown mass having thi* eo^j^position 2Fen.).N0. 
On raising the temperature to C,. the j)ro|)ortion of nitric ftxide is • 
reduced to one ha4', a red powder,* of comp<«ition cofresponding to 
4FcCl3.NO, being obtained. At temjx'rayires at vthich ferric cliloride 
begins to volatilise reduction takes |)lace, Arruus chloride being pro- 
dii£cd.^ In ethereal solution ferrii* chjoridi? is reduced by nitric oxide 
at*h^ ordinary ten^xTatuni to the Terrous salt, v^hich latter absorbs 
excess nitric oxide yielding a compound •*») which the formula 
FcCl,.N0 + 2ll20 (vide ,sypra*p. UJJ, foojnotc Ohas been giv(*n, which 
crystallises out at |he ordinary tem()eraliire.. If, tiywcver, the temft^ra- 
turc is first raised to approximately C., small yellojv crystals of the 
anhydrous co;npound, FeC^^NO, arc stilted to result ; l:wt this is disputed, 

• * • * * • 

* Hachraoister, Z^ilsch. aivorg. (Aem., 191^, 109 , 145 ;*Cari.ellfy,?r^;i^f. t'Aew, Soc.f 

1880, 37 , 125. , • # • • • • 

* If'riedeland Crafts, CompLrrniL, I8SS, 10 ^, .'tOl ; Biltz, Xeit^ch. phtjfiikal. Clum., 1902, 

40 , 185, 211. The rcsultH support the earlier work of DeviJlc and I'ronst, An7i. Chim. 
Phya., 1800, (3), 58 , 280. - , # 

® Fireman alid Fortner, J. Physicfil r'|p»e,.f004, 8 , 51M). 

* Griinewald and Meyer, Ber., 1888, 21 , 087. , 

* Muller, Compt. rend., 1804, 118 , 641 ; Werner, ZnUich. anorg. Chejn,, 1807, 15 , 1. 

* Se 8 Turner, Molecular Assoewion (lA^ngmans, 19157, chapter ix. ^ 

’ Wohler, Artnale7i, Suppl, 1805-00, 4 , 255. • . 

* Phil4p8fJ mer. Chem. 1894, 16 , 2555. 

* Hiomas, Comph rend,, ISl^p, 120 , 447 ; Heswjn, 1889, 108 , 1012. * 
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as has been already mentioned {see footWe, p. 98). With mtiogeh per- 
oxide in the cold, ferric chloride yields a brownish-yelUw, deliquesmit 
powder, of compositiwp represented by the formula FcUg.NUg. ims 
substance is stable in air as alsoSn a vacuum 'but is decomposed by 
water, vieldiiifr nitrous acid.' , ^ •. 

FCCI3.NOCI is obtained as a black, crystallu|e f^ibstance when feme 
cliloride is heated in the dried* vapours 4*rom ’aqua regia.^ It 'S jery 
hygroseoi>ie and dissolves* in Water, evolvin^^ oxides of nitrogen. When 
heated it rejplily fuse.s and volatilises withoiV deeompchsitioft. In a 
scaled tube it nu'fts at 11()° ('< • ^ * 

Anhydrous uTrie chloride Readily absorbs ammonia at the ordinary 
tcrnpen»4ur(', yielding tlu‘ hfwanunoi^wtf, bcClq.dNIl;.. ^ decomposes 
upon exposure to air, yielding ?\n^^)entammo)nate, FcCl^-SNIIg, which 
is slitble in a dry atmosphere. When heated to 100" C. thu /dmm- 
moniute, FeCd.,. tNIbj, resiiks.' . • i 4. ir 

•I'he anhydrous* *>alt when lu'ated to dull redness witlj metallic 

calcium is reduced to iron.-'' • 1 1 • 1 1 

Ferric chloride combines with ether to form a dafk red, highly 
dcliquescf'nt solid of eom|)osition lu'('l^.(( 2115)2^- solubW in 

water and alcohol, and at lOd" C. (reeoiy|)oses (plant itativcl}^. yielding 
the oxychloride FeOC'l : • * % 

KcC'l3.(C2lI,)2()-2V2H,,C'HaV(jCI. * *. 

TIu^' h('Jits (»!’ fonnulicu urihydvcus ferric chloride Jiod of its 
hy/lrvstcs arc; as follow : 

2 |Fel I 2(Cl.,) |-A(],^^2FeC'l2.A<l. }- 190,900 calories,’ 

/iFc'Cdo.Acp KC’U) 2Fe('l.,.A(i.-l-5r),.540 calories.'^ 

• % 

wlvcpco 

• * 

2[Fel -■•iFet'l.i.Aq. | 25r»,4K) calories; 

• again, * • • 

2[FeCl/l hAq r--a'’eCI^.Aq.'h03,800 calories,'' 
whence, by subtraction, ’ 

2[Fc]d-8{Cd2)L-2lFc‘Cl3] f l02,080 eajorics, ^ 

2[FeCl3H 5| H20l-[2lcVCl,.5lT20J [ 14,400 calories,'” 

% [‘^Fi'Cla.sn^Ol i Aq. .-2rc(n3. Aq. -f 42,000 calories at 20" C. 

Anhy^lrous f^'rric chloride is very (Feliqpescent, and,^^hc study of its 
solubility in \vatir is inlVresting, there being four distinct enrves corre- 
sponding^ to thy ajipearance of four hydnitf'd salts, namc'ly, 2l'eCl3.4ll20 

Thoiruis, Bull. Soc. chim., IS.IH, (3), 15 , lOOl. * c 

* Weber, Po(j<j. Ayumlen, 180.3. 118 , 481^ ^ 

* van Hcteren, Zat^vh. amtrg. Cheni., 1899, 22 , 277. 

Y Miller, *4f«<'r. Chem. J., 1890, 17 . 07Q 

* Haokspill, Bull. Soc. chim.^ 1907, {4),'‘i, 89.). 

* Forster, (Nioper, and Yarrow, Trans. Chem. Soc... 1917, ill, 809. 

* Thomsen, Thermochemistry, translated by K. A. Burke (Longmans, 

* Thomsen, 7oc. cit. ; Sabatier '\(.’o)npL rend., 1881, 93 , 5b; Bull. Soc. chtm., 1881, (2), 

36, 197) obtained a closely similar vaduo, namely, 63,400 calories. > * 0 

. SabaMer^ Bvil. Soc, chirn,, 1889, (3). i, 90. * 
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(m. pt. 78-5° C.), 2 fIcI,.5Hj( 5 (m. pt. 56“ C.), 2FeClj.THsO (m. pt. 
82-5° C.),*and%2FeCl3.12HgO (m. pt. 87° C.) respectively. From the 
last point of discontinuity, namely F in tj^ure 5 (66° C.), on- 
wards the sak anhydrous and Is deposited *froni solution in that 
condition. 1 N ^ # * 


• • • • , 

SOLUBILITY FRUlUC CllVORIDE WATER. 

• (TIio ineWn^-points arc ^dvcii in bold type.) 

*ilolid phase m • ^ 

Teinperatiiro, . — j.> 0 20 37 30 27-4 20 8 

(ilrama FcCb in 100 J • 

grams H/J. .49-52 74-39 91 8^^ fOC 8 150-0 201-7 219 0 WM 246-7 


Solid phi^e 2b\*Ch.7tLO. 

2,. * 

Temperatuie, 

(Trams fL-Cb m 19(F 

grams 413) 

204-4 • 

Solid phme 2F('('l3.5H.3). 

Temporatiirc, * . 

12 27, 

Crams in lOU 

• 

gram.s Jf^(i . 

231 8 . 207-J 

Solid phme 21u'('l3.<IHj(). ^ 

3'emporatur<‘, ’('. 

Grams Fol'f, in 100 

50 55 

gram.s lf 2 () . 

159-3 305 9 

Solid phase I’Vl.'lj. 

Temperature, '('. 

(irams m 100 

00 

granufcJIjO . 

525-9 


32 

• 325 

30 

25 

244 0 

• • 

257-6 272-4 

• 

280-0 

• 




35* 

50 55 

56 

55 

2¥10 

315-2 344-8 

360 4 

303-0 


• 



00 

09 73-5 

70, 

60 

• 

372-8 

387 7 4502 

502-4 

• • 

625-0 


75 8i) 

• 

100 

5 

114 ** 525- 

9 

535-8 


A study of the; curves ui li;^. 5 is jiarticularly interesting from the 
point of view of the Phase Rule. AB rcprcscntf^tiie various f^tates of^ 
equilibrium bctwegi icc and ‘ferrig chloride^ solutioini, a minimum 
temperature being reached at tlu‘ cryoJiydrie poinUB, which is —55° C. 
At this point ice, .solution, and the dodcc}fli\4![irat(‘ of ferric chloride are 
in equilibrium. The number of degrees of freedom is nil— in other words, 
*tl^ .system is invariant, and if heat k* subtracted 4lu‘ liijuid ))hase will 
solidity without change of temperature until,^he whole has bi-eome a 
solic^mass of ice and docleeah};drat e. Fuither abstraction of heat meiyjly 
lowers the temperature of the system as a wholt-.* • 

If, starting at* the point ,B, duat be added to* the system, ice will 
melt, and moi'c*of the dodet^hydrate will dissob^e in ac;(^jrdaiiee wdth the 
equilibrium curve JICTI, whiel! is the solubility curve (vf this hydride in 
water. At 87°, C. the dodeVahyd^rAte ^melts,^an(i if alihydrftus ferric 
chloride be added to the systViri*, the ten/perafure at which tlie dodccidiy- 
dratc remains in equilibrium with*the solution is lowered until the , 
eutectic point C is reaeheef at 27-4° C.^ At this point the whole solidifies 
to a solid mixture of the dodecakydrate and heptahydrate. * 

The curve has been followed in the direction /if the broken line CH 
to -f ^ C., the solution beii^ supcrsaturatetl v^ith respect to the dodeca- 
hydrate." Similarly the cur\'e ED has been •continued* backwards until 


• ' Soei^Roozebooiu, Zeitsch. physikal, Chem,t 1892, lo, 477. ^ 

YOU IX. : II. • * • 
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it intersects CH at H at 15° C. This iS a metastable triple point or 
eutectic, and is capable of realisation experimentally on account of the 
fact that the heptahydrate is not so readily formed. c 
% Curves EF and FG represent the Solubilities of the tftrahydrate and 
the anhydrous salt respectively. ^ ^ 



The fallowing arc the transilion temperatures or eutectic points 
corresponding Jto the points B, C, II, D, E, and F in lig. 5 : — 

«. lcc-2FeCl3.12H20 -55° C. 

C. 2FeCl3.12lIoO-2FeCl3.7ll20 +274° 

IL 2F2Cl3.12n“0-2FeCl3.5ll20 15° 

D. 2FeCl3.7iI2O-2FcCl3.5H2O 30 ° 

E. 2FcC:i3.5H20-2FeCl3.4ll20 55° 

F. 2Fk,Cl3.4ll20-FeCl3 06° 

c ' < 

The dod^cakijdrate,^ 2 FCCI 3 . 12 II 2 O, is obtained as deliquescent 
crystals by treating solid compiercial ferric chloride with a current of 
hydrogen chloride, filtering the resulting liquid, and concentrating over 
potash in vacuo.^ •* ,, 

The same hydrate is obtained 6 n allowing a concentrated solqtidti 
of ferric chloride to evaporate slowly in the cold. It separates out 
as reniform masses of lemon-yellow crystals, or in opaque, yellow 
rhomtjic prisms,^ according to circumstances.^ This hydrate melts 
at 87° C.\ ^ ^ ' c, 

, The heptahydrate i 2 reCl 3 . 7 ll 2 Q, first obtained by *!poozcboom, 
yields mcnoclinic crystals, ^omawhat darker than the jjfcecding hydrate, 
but readily dis*iihguisKed by their dichroisin. the colours ranging from 
yellow to 'blue. When exposed to the Air at room temperature, the 
^crystals become coated with the ycKow dodecahydrate. They melt at 

a2‘5t c. 

* * ' 

^ Known to, and described by, Mohr {Annalcn Pharm.f 1839, 29 , 173), and Fritzsche 
(J. prakL Chtm,, 1839, 18 , 479). 

■ Sngol, Compt. reiui., 1887, i€ 4 , 1708. 

* Eoozeboom stiltei? them to be monooliuic. 

* Sabntter, ibik., 1881, 93, 56. 

^ Boox 6 booq(i, loc. ctt. 
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exposure'^ r'" ^ deliquesce^’SJolJ 

2H’a°" '* * * ” "f '“"id salti’^'ctlych 

Tlir. .11-1 /.I • 


Acmcous solllrtons of fr^rnr. r.IJ.wwi . • J^lt Ut 78 J t. 


A - i ■ ^ "»^ *^v,..i j,^,,iuw lo oruwn. Mu v inc f jit 7n.i:<^ /’ 

i;“,,i[:;™ :::!:;tn,™!;s rf^ 

;:,iS;,i';r'i!:::“''i'!r/™»S 


After stundinj,, t iu' so ut o 

su^Iiei,,^t of tire gas has u.rbcS a'lde^ p 'r . ."' 

by bubbling earboii dioxid* throinrh the m' '■‘™‘>'’e(l 

of prepario^. eoSt h disSS fJrr e' ?v:i:"'’'w 

oblorie ac-l<l > an.l by oxidation of !vrn.us fci'f 

liydroehloric^ aei.l by some oxidiser s4eh as nillie Leid.’ 

In c<)iu;(‘iitrat('d solution ferric eJiIoride is somi‘\A/h.\f u 

anee, and dark brown ill colour “ When siieli .i i c" ^ “'^Ppoftr- 
water, a considerable a.no.m ,f 1 1 1 s >s diluted with 

hydrolysis’; thus liberated in eonsequcnce of 

h'eCI^+SHjO-- tl.V(()ll)3.j such 

whcmZsSy ilrejSTuU,™ b'''"" ‘•‘=, "'i', '««*««rie,s.s 

««urs become yellow, the colour ii*fensifyinir di^i^^^o fit /7‘Ta* 
aftc^ preparation.'^ • ^ ^ ^"****iK »f>rty -eight hours 

Excessively dilut<? solutions of ferife eid^ride » .. i i.- 

with ^tassium ferroeyanide, the salt being emnpletidv hvdrolv 
converted into «,lloidal ferric hydroxide (Ste p. f >5 ' and 

^ Believecito contain six nioIc<;yIeH of wiAer bv Wilt Jinin / , 

(2) 36, 30) ami Ord^y (./. Phirn^ Chim , 1844 (9) ^ I 1844, 

Gobley (J. PJuirm^Chim., 18r>4, (3), 25, m) toji thi'r^!,V«i 1 . by ^nizsche and 

* Engel, Cornpt. rend., 188?;{o4>170^ • P'^*ntai^drate. 

* Sabatier, loc. cit . ; BaH Soc. chim., 1889, (3), i, 88 

* Roozeboom, loc. cit. • • i / > ■ 

* Sabatier, Bnll. Soc. chim., 1881, (2), 36,«197 • Eni?pJ Lfu- rit 

«d cobSi 

* iMXixmo* Compt. rend., 1893, 116 , 880. * * 

! GigHo, GazzeUa, 1896, 35 . ii. 1. 

* Of the ord«rt>f 0*000834>er cent. 

. t • 
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The hydrolysis of ferric chloride may be illustrated for^ lecture 
purposes by filling a tube to about three-fourths of its height with a 
5 to 10 per cent. solutionV)f gelatin rendered pink with faintly alkaline 
Phenolpnthalein. When the gelatin •has solidified, a ^10* per cent, 
• solution of ferric chloride is added. As diffusion proepc<ls downwards,. 
ti|0 layers become increasingly distinct — namely, the*' lower,* colourless 
layer, due to the mor^; rapid diffu^ic^i of the add liberated by hydrolysis ; 
and the upper, opacpic layer 8f brown ferric hydroxide. 

An interesting ],(‘etur (4 experiment to illusfrate suppressiofi of 
hydrolysis of ferric ipliloride undcFcertain conditionsfcoiifists in diluting 
a solution of the salt until it is <|)raetically colourleSs. Concentrated 
hydrochlorioaeid is now added, ami t^icfsolution assumes a yellow colour, 
charactcfistif! of* the un-ionised FcCl^-molfeule.^ The addition of 
glycerol to a solution lik(‘wise intensifies thc^;olour, and this is attributed 
to diminished disso(;iation consequent upon the introduction of a sub- 
stance possessing a lov\*cv dit lectric constant. ‘ ; 

Measurement of the electric resistance of aqueous solutions of ferric 
chloride indicates a gradual increase in conductivity after ‘dilution, a 
definite maximum vaku' ultimat^'ly being reach(;d for ench concentra- 
tion of the salt. The time required to reach .a final stage of ecpiilibrium 
varies with the concentration of the salt. Fou a 0 OOa* -normal solution 
some three hours are re quired, whilst 'a week is i/ijal fpr'n 0-0006- 
norinal solution.'^ 'riiis increase in conductivity is usually allributed 
to the graJlual lil)eratioji of hydrochloric acid in accordance with the 

equation, . i.v.cl,.|. 3 ll 20 -sl<V( 0 II),,f 3 llU. 

The difficulty, however, is to understand the extreme slowness with 
► which equilibrium is i^tf^dned, for the hydrolysis should take place with 
great j*apidity. In order to account for this, the change has- been 
regarded as taking pkicc in stages as follows 

, . FeCM,,->feC1^01I)-->FeCl(0II)2-->Fe(OlI)3. 

This theory, iiowever, eamVot be regaVded as altogethev satisfactory. 

Spring,* on tin; other handf holds that ferric chloride in solution 
dissociates into ferrous ehlorfde and elilorine, in the same manner as 
when heated in theVniseous state 

kVFl3^.^-FeCl2-fCI.‘ 

The cl|j,lorine then reaetj; ,with water, yieldhig hydrogen chloride aRd 
oxygen, which latter ct)mbinfs with thc^ferrous chloride to yield the 
oxychloride^ Fe 2 Cl 40 , until^the equilibrium relKcsented by <:he following 
equation ij attaine^l*: — • ^ 

^ A suggestive theory, suj)portc(l by ultra-microscopic examination 
of dilute ferric chloride solutions has been Advanced by Wagner,® 

^ Vanxetti, GaizetUij 1008, 38. li. 08. • • 

* See Byk and Jaffo, Zeitsek. physikal. Chem, 1009, 68, 323. 

* Goodwin, ZeiUtch. physikal. Cham., 1896, 21, 1. 

* Antony and Giglui^dazzeUa, f895, 25, ii. 1. 

* Spring, Rec, {j'rav. Chim., 189!?, i6, 237. Supported by Jufereff, ZeiUtch, anorg. 

1908, 59, 82. • . 

* Wagner, 1913, 34, 95, 931. 
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accordijig to which hydrolysis is instantaneous, but the gradual change 
in electric conductivity is due to changes in the superficial inagnitud< 
of the colloid particles. At first the colloid partiejes are small, and thui 
present an diorinous surAec which j.d'.orhs practically the whok 

• of the liberatc>l iicid. Gradually tht‘ pai^iclt s incr(viS(‘ in size, becoming 
less numerous, that the totiiK siipcrticial arefi falls, liberating pjo- 
portiona! amounts of the*adsorb(‘(r,a(;id. \VagiK;i''s theory ap})ears to 
the present authoi^Jo be the most satisTactory that has as yet been 
advanced. • , , • 

Ferric (;hl(tfIde«decomposes sodium nitrite in aqueous solution with 
evolution oV oxiefes of nitrogeru Th« reaction is bc liev(‘d ^ to take place 
in two stages, namely : — •J , f * 

2 tVCI,-| t>.\iiXa== 2 Fi{XO.,), |-(iXaCr, * * 
21<V(X02)3*| 311./) = 2 lM (pii j, 4 3X()j 13X0. 

A sufution of iT‘rrie chlorid(‘ d(roinpo.s(‘s k alf sulphide or powdered 
galena wi^h ease on warnung, the products being ferrous chloride, lead 
chloride, and sul])hur .2 

, ‘iFeCl., J- PI)?; --SFeClg f PbCl^ k S. 

A simik'pw react^ui takess plage with copper pyrites or with copper 
sulphid(;s. •ThusV- 

2 FeCl 3 + CuS-‘4e(’l^-f CuCl^ fS, • 

and 2Fe(%4 Cu 2 S-- 2 FeC'l 2 *f 2CuCl I S. ^ ^ ^ 

This rea(;tion has been utilised m the separation of copper from pyrites, 
a solution of ferric chloride bt ing allowed to slowly percolate through 
the ore raised in heaps, the residual ferrous cliWridc^. being oxidised to* 
fcrric^nd used over again. ^ ^ 

Ferric chloride is readily n dueed by suitable reagents to* the ferrous 
salt. Metallic zinc*or iron, or even nascent hydrogen, effect^ the reduc- 
tion in acpieous solution. Alkali sul])hides reduce it^\\'ith depositiofi of 
sulphur, and alWali iodides ^ with*liberation of iodine, thus : — 

2 FCCI 34 2 KI ^ 2 Fcfli,*t- 2 KC'l + Ij. 

• 

^ Alcoholic solutions of ferric ddoride an; reduced by light,® which 
aAs, not as a catalyst, but as a generatwF of the necessary chemical 
^ergy. Ferrous cnloricU;, hydrog<*n •chloride, and formaldehyde are , 
tne primary products of the reaction.® , * • ^ • 

Dilute s^olutions of l^rrk; chloride in pure anhydrops ether arc 
rapidly rcQuccd to ferdRus chlori^fe upon •xposujJ^ to direct sunlight. 
The chlorine i^used up, jlkrtly in chlorinating thttctiicr ai¥l partly in 
oxidation processes, so that theVemetion Fs not rcvVsiblc^in the dark. 
More concentrated sokifiorA yield ferroiA chloride and a black organic 
compound containing ^ron.’ • 


* Matu9chek, Chem. Zeit., 1905, 31. • 8ee also Pewii, Cfwm. Zentr., 1888, p. 1023. 

* Gabba, Chem. Zentr., 1889, p. 667. . 

’ Soo J. Chem. Soc., Abstr^ 1884, p. 516, 

* See Carnegie, Chem. News, 1889, 6o, 87 ; also tftis volume^ p. J34. 

ft See p. %4. * # 

* ge^Benrath, J, prakU Chem., 1905, (2), 72, 220 ; 1909, (2), 80, 283. 

* Paxeddn, XhuteUa, 1920, 50, i. 154. • 
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Ferric chloride is reduced by aqueous stannous chloride, solution 
in accordance with the following equation (see p. 84) : 

^ 2FoCl3+SnCl2-2^VCl2fSnCl,f ^ . 

Acid Chlorides.*- Several •aeid sa.lts of ferric ehiofidc have been 
(Jcs(K*ibcd. On satui^iting the pen^atiydratc, 2Fcp(3.5Pl20, ^ith hydro- 
gen chloride at 2.5 and eooljng the liqufd so obtained to 0° C., the 
compound, F(‘('l 3 .lici. 2 ll 2 (J, is obtained in \)\e form of y^'llow, 
crystalline lain(^l.‘r d. T1 k» compounds, FeCl3.1ICl.^l-H29 FeClg.HCl. 
OHgO, have been (drained res]>ce^tively as greenish*cryfftalf;, melting at 
—8° C., arnl yellow crystals, nu lKng at — (>° C.*-^ 

ferric tmloride unites with ehlorid{s*of other metals to yield several 
scries of d(mhl(‘» salts, res('mhling in e6mpo!^tion the double ehlorides 
of certain of th(‘ platinum metals. These pre eonveniently grou]:^d as 
follows : — •’ 

^'etrachJorfirrnles, MJeCl 

t * - 

Ajiumonium tetrachlorferratc, NIl 4 FeCl 4 , or F( ('l 3 .NIl 4 f 1, obtained 
by heating the two substances t^ogetluT, is interesting #is possessing a 
definite boiling-jioint, nanu'ly 88(5° C’.*’ A salt of similar en^jhrieal 
composition has be{‘n obtained ^ by erystallisjdion frcy^i mixed solutions 
of ferric chloride and ammonium chloride in the i^i’m oii ofive-brown 
needles, which, however, are unstable. * 

Gaesiuifi tetrachlorfeirate, 2 (’sJPeCl 4 .Il 20 , or i)ossibly anhydrous, is 
extrejncly hygrpseopie.*^ 

Cuprous tetrachlorfeirate, FuF('Cl 4 , melts at 320® C. If crystallised 
from an aqueous solution, the tdrahydrutey CuFeCl4.4ll20, is obtained.*^ 

V ^ PeniachlorferrateSy MjFeClg. 

Ammonium pentachlorferrate, (NIIjjaFeCl^.II^O, associated with 
varying quantities of ^ammonium chloride, is known popularly as 
ammonio-ehloridv of iron. It is q^sed medicinally,^, and is obtained 
as garnet cubes by ^crystallising from a solution of the mixed 
chlorides.’ , • 

Caesium pentachlorferrate,’’ Cs 2 FeCl 5 .Il 20 , has been obtained as a 
red salt. * 

Gludnum pentachlorferfate,® GlFeC'lr^.HgO. * * 

Magnesium pentachlorferratu,® MgFeClr,., 

Pd^ium pentachlorferrate,’’ ®’ ^ KgFcClfi.UgO, is obtained by dis- 
solving ferric ehloridf' in concentrated hydroehlori? acid, adding 
potassium chloride, ^ind al^iwing toVrystallisc.' It is a red* deliquescent 
salt, decoyipose^ by water. ' • ^ ' 

Rubidium penfachlqrferfate,^ RboFeCIg.H^O. 

» Sabatier, BuU. Soc. chim., 1881, (2), 36 , IfJ? ; Compi rer\^., 1887, 104 , 1849. 

' • Roozeboom and Schroinomakers, Zeitsch. physikal. Ghtm., 1894, 15 , 688 . 

•^Haohmeist-eri Zeitsch. anorg. Chem., 19W, 109 , 146. 

* Mohr, Zeitsch. physikal. C^tn., 1898, 27 , ‘193.^ * 

* Walden, Amer. J. Sci., 1894, (3), 48 , 283. 

* Herrmann, Zeitsch. anorg. Chem.y 1911, 71 , 257. 1 I 

’ IVitKBobe, J. pmkty Chem., 181S9, 18 , 483 ; Mohr, Zeitsch. physikal. CherH.y 1898, 37 , 

m.K 

* Kemnann, AnnaUny 1888 , 244 , 328 ; Ber,, 1885, z 8 , 2890. , < 

» Walden, Armr. J. Set., 1894, (3), 48 , 283 ; Zeitsch. Qtmg. Chm.t 1^94, 7K33b ^ 
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Thal!|)iin pentsuiilorfeiTate,^ Ti^FeCls. 

Apparently no doulble salts with sodium exist, at any rate between 
0® and 60° cA , 

' i • • 

\ Hemchlorferraiesy 

Caesium hexacklcyferrate,^ CsglitCle.Ih^^. 

^ ^^liscellaneous Double Salts. 

From solutions of ferric and ammonium «?hlori(k‘s, cubic crystals of 
2FeCl3.NH40l.4ll20*havc been isolate^f^ similarly. * 

Ferric chloride yields solid .s^dutions with zinc ehloridf and iftdth 
lead chloride, hut no com])oun(ftwi|f|K‘ar t(> be formed.^ The existence 
of the double salt FeCl3.2l^F ® has not been eonlirnied.’ * • 

Ferric ammonium antithony chloride,^ 2FeCl3.0NIl4Cl.3Sb(d4, cry- 
stallises in black .^ct abed ra from .solutions of th^; constituent chlorides 
in concentrated hydroehlorip acid.'^ 

With swlphur tetraehlm*ide thef double^ compound SCl4.FeCl3 is 
obtained as a^yellow, crystalline precipitate ; with phosjdiorus oxy- 
chloride, the compound 2Fe('l3.P()Cl3 .Separates on warnun^^•^ 

A Tloublc chloride of pliosphon^s and iron, FeClj.PCls, has been 
isolated ^.by actl^^ on ferric oxide with ])hosphorus pcntachloridc. It 
also resuUs (Tn direct union of the two chlorides. 

With alkaloids fca’ric chloride yields complexes, man^^ of which 
arc characterised by detinite ineltin^points.*^ 

• m • 

Ferroso-ferric chloride, FeaClf^.lSH./), or FeCl2.2FeCl3.18Il20, results 
when the corresponding oxide, FcjO,, is dissolved in concentrated 
aqueous hydrogen chloride and evaporated ovei^^sulphiirie atid. The • 
salt separates out asaycllow crystalline mHS.s,which4readily chjiqu/kces.^* 
Ferrous perchlorate, Fe(C104)2.6ll20, may*l)e prepared either by the 
solution of iron in perchloric acid or by thft interaction of solutions 
of ferrous sulphate and barimn |)erchloratc.’'^ • 

On evaporatlbu light green Crystals afe f)rodu^cd which evolve 
water at 100° C, and decompose comple tely at higher temperatures. 

Ferric perchlorate, Fe(C404)3, results *on dissolving hydrated ferric 
;y;^ide in perchloric acid. It has nyt been obtained m crystalline form. 

•Ferrous chlorate, Fe(l'103)2, is probably foJrned in solution when 
ferrous sulphate and barium chlorate, solitfions are allowed to react. 

It is very unstable, howev1;r.‘'^ , * 

Ferric chlorate, Fe(CI03^3, is obtained when chlorine is ^passed 

^*»Scarpa, Atti R. ficcad. Linc(’^\9]2, (ro.ti, ii. 7^f. 

^ HinneWn and Saitisel, Ztiheh. phys^hil, Chf’ni., 'pOj, SO, 8 ^. 

“ Walaen, lor. cit. • *•* 

* Mbhr, Zeitsch. pkysikal. ft4cwi,,*1898,^7, 19.3: • 

^ Herrmann, lo?. cit. * 

• Guyot, J. Chem. Soc., 1871f 24 , 854. 

’ Greeflf, Ber., 1^13, 46 , 2511., 

* Ephraim and VVeinberff, Berf, 1909, 42 , 4447. 

• Ruff and Einbeck, Be^, 19d4, 37 , 4,513. 

»» Weber, J. prakt. Chem., 1859, 76 , 410. • 

See Soholtz, Be*, deut. pharm. Qes., 19^8, 18 , 44. 

V Lefort, J. PJtarm. Chim., 1869. (4), ip, 81- 
Boecoe, Annalen, 1862, 12I, 356. 

** Sfrollaa, Ann. Chim. Phys., 1831, (2), 46 , 305. 

W&cht|r, J.*prffkt. Chem., 1843, 30 , 321. 
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through water containing hydrated fenric oxide in .suspeijision. Its 
heat of formation is given by Thomsen ^ as follows : — # 


^ 2[Fe(0H)3]-j-6nC103'.Aq.-fAq,— jFe(C103)3.A(|.+82.fe4p calories. 

Oxychlorldes.4-Numcroui; basic- or oxy-chloridcj^ m iron have been 
described at various times, but it«!s very doubjtfiil if the chemist is 
^uslificd in regarding these as se|nfrate chemical Aitities.^ For example, 
Bechamp found that, on r^idising ferrous chloride with nitric acid in 
the presence; a srnall^ quantity of hydrochloVIc acid, an insoluble, 
yellow residue' \^is obtained, ^of composition (^rrt;;iiponding to the 
formula FeCIa.GFV^O.,. On treatment with water n i)rdduct, ‘iFeClg. 
ITFcgOjj, Resulted, whilst addition ammonium hydroxide induced 
the forni{i|ion ,of a still more ba sift, residue, namely FeCl3.72Fe203. 
Such precipitates arc of little theoretical interest. , 

A crystalline oxyehlorick is obtainea ^ when solutions of ferric 
chloride containing imi less than 80 per cent, of the* salt arc heated in 
sealed tubes to 150°-1G()° C. in the presence of a few fragments of 
magnesium carbonate to neutralise the liberated hydrochloric acid. 
The crystals consist of lustrous rhombic prisms, reddish l)rown in colour, 
and of composition corresponding to th(5 foripula 2FcCl3.Fe203.2F^;(0H)3. 
These, on contact with hot water, •retain theii; crystalline form, although 
they lose their fthlorinc as hydrogen •chloride, bgpig co^ivtrtcd com- 
pletely into oxide corr(‘s])onding in composition to Gocthitc. • 

If, in^lhe foregoing method (f' preparation, an 85 to 90 j)er cent, 
solution of ferric chloride is maintained at 225 "" to 280'^ C. for some 
time* afti oxycftloride of composition FCCI3.FC2O3 is obtained as reddish 
brown lamelhe, whilst between {300® and 340® C. large plates of brownish 
black 2l^eCl3.3Fe203 result. 

Upon heati»^g antlydrous ferric chloride in a slow current of carbon 
dioxftle sf^urat(‘d evitluwater vapour, the oxychloride FeClg.fegCla is 
produced at 275® to 300® C. in the form of reddish brown needles, 
whilst huger and darktT needle-shaped crystals of 2FeCd3.3Fc203 result 
if the tcrnpcratig'e is raisqd to between 350® and 400 ®^C. 


IRON ANI3 bromine. 


• 

Ferrous bromide, J^'eBrg, may llg prepared in the anhydrous form^^ 
a yellow crystalline mass by heating iron tb dull rWness in an attno- 
sphere of bromine vapour,^* When the rcacHon is tomplete, the bromine 
is recced by carbon dicvddc or air, heating being discontinued. The 
dry salt is rapidly tratisferrefl to a glass, tube and hermetically sealed. 
It readily ’absorb.'fe ammoiiia at the ordinary temperatulo, yielding a 
white hemmmoniaft!,^ FeBra.GNIIg.' This dissociates on herfting, yield- 
ing a darker iiR, tly? dihimmhniate, FeBr2.2NH3 ; whilst at higher 
tempL'ratures th'c monamrnwnate^, FcBra.NHa, , is obtained as a dark 
|[rey mass. , , 


* Thomsen, thermochemistry, translated AJy Burke (Longmans, 1908), p. 123. 

* See Pettenkofer, Repertonum Pharm., 1892, (2L 41, 289 ; B6charap, Phys.^ 

1859, (3), 57, 296 ; Ordway, 4jn€r. J, Sci., 1868, (2), 26, 197 ; Phillips, Phil Mag., 1833, 
(3), a. 76. 

» Rousseau, Cotniil rend., 1890? no, 1032 ; 1891, 113, 642 ; 1893, 116, 18U. 

* Berthemot, Chim. PAys.,’^1830, (2), 44, 391 ; Schcufeleft, AnnaUn, 1886, 231, 

152. • 

* Kphraim, Btr., 1912, 45, 1322. 



i3d!krotwii« OF iRON.wfra HpR^aiN akd ifas halogens, los 
The foU^^ng data have been obtained ' for these compounds : — 
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On tiiss(tlvin^^*in water uiul si^bseijuunt crystallisation in tin' cold, 
the heA'diiffiJraie, FcHr.^.til^O, is obtained in bluisli ^rixrn, rhombic 
prisms. Th(‘, same Salt may be yiorc 'readily pr(‘pare(i by dissolving 
iron in hydrobniimie lU'id. 

At 50‘^C.*the salt loses two molecule^ of water, yielding greeiyrystals 
of the tefraln/drafe, KeBro. UIgO. Lljxtif further heating mori' waiter is 
expelled. • • • 

lioth th(‘ aipieous and alcoholic solutions of ferrous bromide absr)rb 
nitric oxide, the limit of absorption licing reached with oiie molecule of 
NO to each atom of iron. The eomjiound FeHr,>^^T) has nofe been 
isolated. ^ ‘ ^ ^ 

Anhydrous ferrous bromide absorbs dry nitnttn n p(‘roxide7yi<*lding 
a stable eomj:)ound, H'eJb’2.N02, which retains its nitrogen peroxide 
even in vacuo. In tlie presence.of moisture mon peroxide is al.ftorbcd,* 
but the reaction is c*>mplex, bromine hieing cvohaxl.'* * 

Ferrous bromide unites with ethylene '‘^nd acel>'kne. 

The solubility of ferrous bromidii in water is given as follows : — ® 

•TeUffCrature, ®C. . -21 —7 +I0t 21 37 t r»0 05 96 

Grams •FeBr2 in 100 * 

grams solution . 47 0* 48-3 52 3 51^7 o0*0 58 0 594 03*3 

• * . • 

The heat of foiynatiou is . , . * 

[Ftf f-(Br2)4-Aif.=FclIr2.ifq.-j-7tJ,t)70 calo^cs.*^ 

• • * 

A few double siflts with the bromides thj alkali nVtJiIs hii^e been 
prepared.’ * *•***• * • * 

Ferric bromide, Fcl^rg, results when iron is heated in excess of 

• 

^ Billz and Hiitiig, Zeitsch. anorg. Chetn.^ lbl9, 109, 89. t • 

* Thomas, <9ompt. rend., 1896, 123, J»3 ; ’Bull. Boc. rkim., 1898, (3), 19, 343, 419 1 
Manchot, Ber., 1914, 47, 1601, 

* Thomas, Compt. rend., 1897, 424, 366. 

* ChofnacW, Ztiisch. Chem., 1863, 6, 419. 

* Etard, Ann. Chim. J^hys., 1894, (7), 2, 603. 

* Thomaed, Thermochemistry, translated by Bnrke (Longmans, 1908), p. 318. 

’ Walden, ZeiUeS. anorg. Cmnh, 1894, 7, 331. * 
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• IRON AND mCOMBQUlfWS.' 

# • # t 

bromine vapour, when ferrous bromide is heated from to 200^' C. 
with twice its weight of bromine,^ and when sulphur nionobromide, 
SgBrj, is passed over ferric oxide * at 450® to 650® C.i It is a dark red, 
crystalline l)iit/le]iqucsccnt substtfnce, yielding^a rec^soTution in water. 
At boiling-point the solution dissociates to ferrous^ bromide and iree 
bromine,'* On Jifating away air ferric bretnide {xirtly sublimes 
and partly (Iis',(y:‘iates. VVl^cq dry the %alt is reduced by nitric oxide 
with the Idrniation of ha^ous and nitrosyl broyydcs.'* 

The aqueous^ solution upon concentratioft in the ordinary way 
deeornj)os('s Aviili the pre cipitation of insoluble Itasic^bromides. • 

Thi^heiVahydrate, Fellra.OlIgO, separates as dafk green needles when 
the danc brown solution obtained tey the action f)f bromine under watet 
is sljghliy eva])oraled and coneinfFatcd a desiccator over sulphuric 
acid. It is soluble in alcohol and eth^r, and melts at 27® C# without 
decomposition.^ • 

The heat of fo ruination ” is 

« 

|Fe]H (Br 3 )-|-Aq.-=n^eBr 3 .A(b }-106,()50 calorics. 

Double salts with the bromides i)f ammonium and the alkali metals 
have been obtained."^ These may be groujf)ed into two classes, ifamely : — 

• * • 

Tcirahro ni ferrates, M FeBr ^ . 

Ammonium tetrabromfeirate, NU 4 F(Bri. 2 lI. 30 , and Caesium 
t«trabromf#rrate, C'sFeBr^, being the best-known salts ; 


Pent ahrom ferrates, MjFeBi-r,. 

^ CxsIu'iA pentabromferrate, CsgFeBiv,.!!./), 

Ruthdium pdntabromferrate, RbjjFeBrvH.20. 

0 , 

F^tIc chloro-bromide,® FeClgBr, ij obtained as an unstable crystal- 
line substance by heating fcrrou<> chloride and excess bromine in scaled 
tubes at 100® C. <Thc crystals are dark coloured and lustrous, appear- 
ing green by relleeted light and quit(i opaque, even in thin sections. 
Although insolftble in bromine„thcy readily dissolve in water, ctl^, or 
alcohol, their solubility in ethof rendering easy^their scparatioriTroih 
ferrous chloride. Th«* crystals raulily (lecoyiposc on warming, but 
sublime unchanged if heat?d in a tub« containing a slight exqpss of 
bi%minc.’ , * , 

Fergus bromate, Fe(Br 03 b, is efbtained in regqjar octahedra on 
dissolving ferrous carlxmate in^n'oinic aefti and concenfrating in vacua* 
Ferric bromate refills ^as a^ syru}^}^ liquid dissolving freshly 
pyecipifiated^ ^rric diydroxide ,in *djlutc Cromic acid and concentrating 
»n vacuf), * * • 

c 

^ Soheufelen, Annalen, 1885, 231, 15?. 

• » Barre,*ilttW. 80 c. chim,, 1912, (4), f|. 43J. 

* de Koninok, Zeitsch, angew. Chem,, 1889, p. 149. 

* liomiw, Compt. retSL, 1897, 124, 366, 

* Bolschakoff, J. Russ. Chtm. Soc.^ 1898, 30, 386 ^ Chem, Zentr., 189^ II., <60. 

« Borthelot.'^ Moiasan, de Chimit Minirale, 19(i5» iv., p.*3^. 

» Walden: Zeitech, anorg. Chem.,. 1894, 7, 331 ; Atwer. J. 8 ci„ 1894, (3), 48. 283 ; 
Pfeiffer, 1902, 31. 231. 

' ^ Ii«^rmand, Compt. reruL, 1893, 1x6, 820. , 
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'■"'^ f-' •" 9 ^ ^ 

Qxytnm||<)^ ^ described by B^hamp ^ and Ordway,* but are 

.probably not separate chemical entities. * 

• y fRON ANDlIODINE. 

Ferrous ioc^de, l\l2i is obtaineo^hon tlic constituent elements^ 
arc allowed to re^ct in the ]^rcst*nco of whter, heat being evolved^ when 
iron filings are triturated with iodine; aiVl* by* heating^ iron filings in a 
crucible #0 wtlieli sniallt^quantities of iodine are eontinivilly added. 
When the mass rea^du^^a red heat, exce^^ of iodine i 5 Ridded and the 
whole heated until iodine vapour ceases tp (‘seape. On cooling, a grey 
crystalline mass is obtained, wliieh oielts at ITT"" Ferrous^iodide* 
also results when clean iron wire eyppTngs are heated in pitnven^gas 
saturated^ with iodine va])our.' ^The salt is formed as deep red plates 
which appear almost black when thick. Jt is very deli(|uesccnt, but 
when kept.in a desicc^itor turns whik^ and subsequently evolves iodine, 
becoming grey or black. The •white eonqiound is liclieved to be the 
dihydrate^^ FeIf.‘ 2 H 20 . The anhydrous salt readily absorbs ammonia, 
forming the hexanynouiate, Fcl2.()NIl3, as a voluminous ])owdcr.’ It 
is decomposed by water, and^is (tmvertt'd by bromiiu' vapour into 
ferric broTnide, amnionium ^bromide, and ainmoiiiuin bromo-iodo- 
bromidc, NlIJlr.IBr.^^ • • 

When heak:d,*th(i hexamnioniatc yields the diamimmiate, F(‘l2‘‘2NH3. 
No monammoniate has as yet been* obtained. Thc' dissociation 
pressures and heats of dissociation of tfic two compounds have been 
determined as follow : * * * 


• 

Teniporature. 

Djssociation 
l^esKUre. * 
nir^ • 

Heat (4 

• 

• 


• 


Felj.eNHa 

• 

• 1 . 5 a 

• 

200 

• 

10 5 

• 

Fel2.2NH3 

215 

. 61 
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• »> 

• • 

278 / 

— •• 
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Ai^aqueous solution of fern^Us iodide is readily prepared by, warming 
iron filings and iod^pc together in water, when a c( 4 ourless solution is 
Dbtaincd. This^ Jiowevcr, is ,not*stablft in air, as it i^isorbs oxygen, 
liberating free jodine. If a little sugar* be addetf to the clear solution, 
oxidation is retarded, and the crystalline pi?? may 

be isolated. • , ^ * . * • . • 

• # • • 

^ B6ohamp, Amt. Chim, Phy^, 1859, (3), 57 #2®^- 
» Ordway, Amer. J. Set., 1869,1(2), 26, 197. 

? Ileury, J. Pharm., 1887, (5), 16, 529 ; alsoViis volume, p. 62. * • 

• Cariua and Wanklyn, Annalen, ISdif 120, 69. Soo also Thomson, Compt. rend,f 
862, 55, 616. 

• C. JU Jackson and Derby, Ame^ Chem. J., 1900, 24, 1& 

• A dinydratlb was also mentioned by Lescoeur, Ann. G^m. Phya., V894^ (7), 2, 78. 

J Gompan forrons chloride and bromide, pp. 91, 105. I 

r • BiUz and flottig, Zdtach. anorg. Chem., 1919, 109, 89. Compare Ephraim, Naiurvisi.,^ 
91il, % 49 ; Chem, Zinlr., 1919,d[., 409. 
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A solution containing ferrous io(£de and wateik jn th^proJ)oirtion of 
1 to 8 5 molecules respectively, deposits a deliquescent hexahydraU] 
FCI2.6II2O, at - 10|° C. This, on warming to yields the tetra- 

hydrate, Fel^^. I•H20. The nonahydrate^^ Fel^OHjU, tftid monohydraie^^ 
FCI2.II2O, are. also stated to cxi*:. ^ , 

Ferric iodld#, Fc T^, has noUiA yet been prepared, bj*t the possibility 
of its exist (‘iKy is perhapj indieat(‘d by tlie fact that hydrated ferric 
oxide dissolves in hydi^)die acid, yi(‘lding a brown solution. 

Twofe^^rous per-ipdatesare deseribed l)y Uirninins,^ Miame^Fe 5 ( 106)2 
and FellaJlfiJ. The forn*( r is a brick-red iCTys|alline salt produced 
on adding ferrous sul[)hate 4 o a solution of K4l*20g. 'FcIl3(I06) results 
as a ftght lirown f)ovvder on addi^ig a solution of Na2H3l08 to ferrous 
su|i)h^^e. , • ^ 

Two ferric per-iodates have Ixeiii prepared,-* namely FcilllaO^ and 
Fe(I04);j. The former i^ obtained by drying at 100° F. the light brown 
precipitate resulH*ig from tlie int(*raetion of soliftions of fc-^-ric chloride 
and Naall^IO^j. It is also farmed wl«:n K4I2O9 is used instead of the 
sodium salt. It is a reddish-brown* powder, stable* towards boiling 
dilute' nitric acid. With conc'entrated nitric aeid, 4 iowever, Fe(I04)3 is 
foniK'd as a bright yellow powder.* • ^ 

Ferrous iodate. - On addition of p<)ti4;siiim iej^ate* to ferrous sulphate 
solution, a f)ale yellow })reeipitatt' is obtaine(l>; eonsjstflig probably of 
ferrous iodate.'^ • 

Pferric iodate, l'V'20.,.l20,r^ is obtaiiu'd as a brown precipitate ^ on , 
mixing hot solutions of an alkali iodate and a ferric salt. Small eiystals 
*11X1^ be p*r(‘pared l)y addition of an acid solution of iron in nitric acid 
to sodium iodate. Th(‘ preeij)itate first formed readily dissolves, and 
upqn concentration of the solution th(‘ salt crystallises out. It is stable 
air ate'^^'j hnuT)^ tem[)eratur(‘s, but decomposes when headed. 

' Volkinann, Ruhh. VhijH. Chew. Soc., 1894, l, 230. 

lieH«»'ur, lor. cit. • 

* KiniuunH, Tram, (^hem Sqp,, 1880, 55, 148. 

‘ Jlatnnmlabt'rg, . innalni, 1838, 44, 5^9 
'■ D^ttc, J/n(. Clnm.'Phys., 1800, (0), 21, 157. 
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, CHAPTER VI 

IRON AND THE ELEMEfJTs'oF GROUP VI. 
, IRON oxygen. 


Ferrous oxide, FcO, does not oeeur tree in luiture oy aeeonnt ot tlic 
ease with ihich it absorbs oxy^^n, yieldin<( terrie* oxide. It is ex- 
ceedingly diirienjt to prepare in di pure sttite. It results in a more or 
less impure eondition when ferric oxide is heated to ;i()()° C. in a current 
of hydrogen, and ft then ])yrophoi;ic, Ix'C'oniing ineandc'scent upon 
exposure to«iair, and reverting tolts originaj ferric eondition. After keep- 
ing in an atmo?^)here ^f hydrogen fpr some tw(*lve hoursf however, it 
loses this prop(J*t>ii This nu'thod of jweparation is not altogether satis- 
factory, however, since the jiroduct is liiyile to be contaminated# with 
* ferroso-ferric oxide, Fe 304 . Moissan ‘ obti^ned a fairly pure product on 
heating ferric oxide in hydrogen for twenty minutes at ab(>ut*5()0° C4. • 

A better method consists in reducing ferric oxide* in a eurre'nt of 
pure, dry carbon monoxide at 500' C.,^ or witli a mixtiiie of enuaJ 
parts of carbon monoxide and dioxide at red heat. 2 * 

When h^^yLlrogen mixed with water \apour is gass(;d o\'( f Jicatf'd-* 
ifcrric oxide, ferrous oxide is formed in increasing amount with ilsc of 
temperature.^ Thus at 7,00'^ C. the product eontiwns 85 ])er cent, of 
FeO, and at 800° C. some 92 p(‘i; cent. FeT). Perleetly nure ferrous 
oxide is not obtained, however, (‘ven at»l 100° •Neitlier (Ioc s it seem 
possible to obtain the' pure oxide from reduced iron b'^^ixidation with 
a mixture of steam and hydrogen. • 

I^wrous oxide is also formed, together with nutallie iron, \vhen 
fefrou?*yxalate is heated to 1.50° 100° and ajlo\f(“d to cool in :in 
atmosphere of carbon dio):ide.‘* To a\f)i(l sepaitition of carbon or tlie 
formation of iron carbide, it i?>^ ad\antageous to Jieat ferrous^ oxalate' 
gradually up to 5*20° in a current of nitrogen.^ Tlie temperature fs 
finally raised to lyliout 900° The jirj^iduet is grey iji colour, and 
dissolves complijfely in hydrochlmic acid* evolving*jiydrogen, indicating 
the presence of some free iron. ^Metallif iron nia;| be oxidtyc^J to frfrous 
oxide by ignition in carbon mojioxide/it 1000° ; dr by Seating with 

ferric oxide, according to thd reaction : — ’ 

jV, 03 +Fc= 4 FtO. 

I Moissan, Corfi^)L rend., 1877, 84 , 1296. ♦ 

* Oebray, Compt. rend., 18.57, 45 , 1018. • 

• * HUport and Beyer, Ber., 1911, ^ 4 , 1608. * 

^ liobig, AnrMen, 185.5, 95 , 116 ; Moissan, .Inw. Chtm.^hys., 1880,#(5)y 21 , 199.. 

* Milter, Amer. V. Sei., 1913, (4), 36 , 55. 4 

* Tiiw a nd»r, VompL rend., 1872, 74 , 531. 

■ • 
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When nitrous oxide is passed over iron at 200^ £!. f^QPous oxide is 
produced,* and also when iron is heated in steam to SjlO® C.* 

Iron amalgam yields ferrous oxide upon slow oxifation by exposure 
to air.“ , f * / * 

According to Moissait,^ ferrets oxide can exist m two polymorphic 
^modifications, a<feording as it j^^>roduccd at high or at^lower tempera* 
tures. The vaijicty obtained, at the lo\tcr temperatures, namely below 
600° C., is more chemically reactive, uniting wjjh oxygen, upon exposure 
to air, with such rajiidity that the whole inalis becomes incifndescent. 
It decomposes# water, slowly#in the cold but wkh 'oonsidcrable rapidity 
^at the^boiling-point. It is rtadily soluble even in dilute acids, such as 
acetic acid, and easily displaces^ airynonia from its salts. 

fWlifn obtainetl at 1000° C., cfi< if hciitcd to this temperature after 
production at lower temp(‘ratures, ferrcfjs oxide is no longer pyrophoric j 
it does not decompose wjrter, neither is it soluble in dilute acetic acid. 

lloth varieties ferrous oxide are reduced b^ hydrogen^gas to the 
free metal. It the oxide has not previdusly been healed above 400° C., 
the reaction begins at about 280° C. ; but if it has teen previously 
heated to about 1200 C., jt cannot be reduced l^y hydroi^en below 

380° C.^ • , J J h 

The foregoing observations, however,. do not /iccessarily prove that 
two polymori)hie forms of ferrous oxide carf exist, •^riic observed 
cheimeal difftTen(!es may well be due to the variation the state of 
subdivision ol the oxid(‘, Ih^t produced at the lower temperatures 
Ijcing the ipore finely subdivided. 

Ferrous oxi(l(‘ is rc'dueed to metallic iron at 850° C. by a mixture of 
carbon monoxide and dioxide in the proiiortion of 10 parts CO to 4 
parl^ COjj.“ 

in carbon tetrachloride, reacts even ^t —18° C. 
mth vwdence if})on4’errous oxide, yi('lding ferric oxide and chloride.’ 
thus : - 

• *0FeO bOCl^- ‘iFcaO^-f 2FeCl3. 


lerrous oxid^lissolvi's in acids to yield well-defined series of ferrous 
salts, which an^ jn’ottv st^iWe when dry or present in acid solution, but 
readily oxidise, in moist air ami in neutral or alkaline solution. They 
are usually e()lour^\ss or pale gb'cn. * 

Ferrous oxide obtained by slow reduction of iVrric oxide in hydrogen 
at 300 C. readily reacts with sulphur dioxide on warming, the mass 
booming iueandesceiit. Clouds of sulphur and sulphur dioxi&e are 
evolved, a solid resVlue of sulphide ai^ oxide remaitiing.® 

Whfcn terrors oxidp is heatcM with puiV forms of efirbon, no reaction 
^keSjplacc ^below 650° C. Abbvc this temperature reduction occurs, 
but th(? rato rca,ptioA depends ‘greatly 'upon the Vnode of preparation 
of the .carbon. Thus sugar *chafcoa^ is' relatively inert, a vigorous 


' Sabatier and Senderens, CompL rend.y 1892, 1 14 , 1429. 

♦ * Friend, J. Scotland Iron Sieeh*lmt,, 1910, 17 , 60. 

* F6r4e, Bull. Soc. chtm., 1900, (3), 25 , 61ff. * 

* Moisaan, /tart. OhitM. Phys., 1880, ( 6 ), 21 , 199; Traite de Chimie Minirak, 1906. 

IV, 340. . , 

* Rilpert, &r.„1909, 42 , Compare Glaaer, Zeitsch. anorg, Chenl, l^S, 36 , 1. 

* Akermalin and S&mstrbm, Ditigl Poly. J., 1883, 248 , 291. 

’ Michael and Murpl^, jun., Amer. J; 1910, 44 . 366, * 

V * M^mnSok, Tram, Soc„ 1917, in, 379 . * 
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ruction tfbt tafc^ plic6 uiiti! about 800® C. Carbon obtained by 
burning acetylene in chlorine reaol:s|Tgorously at 650° C.^ 

the heat of for^tion of ferrous ^ide is as ff‘i^\vs : — 

^e] -f fO) =[FeO] -||34,600 calorics, ^ • 

* [f’e}-f(0) — [FcO]4^^a00 Alorics,^^ 

and at 680° C. Jind un3er\'oustant pressure^ ^ 

• [Fc] -{- (^) ~[FeO] f 67,350 calorics.'* 

. Ferrous hydroxglle, i^c(011)2, may bc.obtaiucd in* iJic crystalline 
form as green hexagonal prisms by dcpo.sitiou from sodium hyc^oxide^ 
solution. Even after Avashing witEal(;ohol and (dher and drying out* 
of contact with air, the prisi^^s oxil^c immediately tlu'y ^ire brought 
into cont(^ct witli oxygen, devijoping considerable iieat and yielding 
a residue of ferric oxide.^ • 

In thc^timorphouHi condition ferrous hydroxide #s^ usually prej)arcd 
as a white precipitate by addilfion of scji^lium or ])()tassium hydroxide 
to a solution (fl' a ferrous salt m the complete absenci* of air.^‘ The 
precipitate is wash^l in an atmosphere of lytrogen and dried with ether. 

If air is pirscnt, the preeipitata assilmes a green colour which becomes 
greenish black in eon^equene<j of the formation of liydri^ted magnetic 
oxide, and ultwhately tiirns broAvn dwing to further dxidation to ferric 
hydroxide. • 

If, however, after precipitation, theVupernatant motlier liquor is 
poured off and solid potassium hyclroxide is added to tlu* r^‘sidue.th« 
ferrous liydroxide shrinks in volume to a greenish grey [uilverulcnt 
precipitate which is considerably mon* stable, and oxidises in air direct 
to ferric hydroxide witliout the intermediate formation of magnetic 

Such ferTous hydroxide suspended in potassiui» hydroxide ^ttlutiou 
is slo^vly oxidised by nitric oxide to feme hydroxide, the nitric oxide 
being largely converted ihto ammonia.’ • , 

Ferrous hydroxide^ is not com})letely precipitated froiu solutions of 
ferrous salts by ammonium hydroxide in th(‘ }>resei>ee of ammonium 
chloride. • . 

As ordinarily prepared, ferrous hydroxide undergoes »ixidation upon 
ciC|)8si«*e to moist air with such rapidit}*as to beeona^ineaudescent. It 
readily dissolves in dililte acids yielding ferrous s^tts. 

Towards iodic acid anU the^salts of xuch*rt'adily nxlucible metals an 
inercuTy and platinum, fernms hydroxide acts asn rydueing afent. <t 
can even dccomposfc water, slowly in the cold but more rapiflly on 
boiling,® the solutflm bccominjf turbid in ^ir,** and fiossesljlng a distinctly 
ferruginous taste. Solutions of* the alkali ^lydmxidcs readily dissolve 

ferrous hydroxide : even ammonium hydroxide ^ts similatly, an3 in the 

’ 

• * Falcke, Zeilsch. Ekklrochem^ 1915, 21, 37 ; Ber., 1913, 46, 743. 

* Le Chatelier, Compt. i^5, 120, 624.* Sew also Ruff and Gkjrston, Ber,. 1913, 

45, 394. \ 9 

* Mister, Am^. J. Sci., 1913, (4), 36, 55# 

* Baur and Glaessner, Zeitsch. physikal. Chem., 1903, 43, 354* 

L • de Sohulten, Compt. rend., 1889. X09, 260. . 

* 3chiKAit, A^nalen, 1840, 36, lOi. * 

* ZKrers and H^ga, TraM. Chem. 80 c., 1885, 47, 304. * * 

* Liebig andtWdnler, Pogg. AnnaUn, 1831, 21, 582. 

— ^ 
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presence of air or oxygen the ferrous hyc 
by this means into hydrated ferri^xide. 
ferrous hydroxide is given as followf : — ^ 


[F(^ f (0)+ 11^0= [Fcf 011 ) 2 ] +68, 2 S 0 calories. 


>xide is*rapidljir 

The heat^of fonhation df 


• The (lihij(lrate*Fi‘0.2U20, li/?bccn found ^ in oclay njrar Cuxhaven, 
in a more or lesn impure^fowiie as hard, ydlomsh-brown lumps, which 
crumble upon exposure to air.^ ^ 

Ferroso-fferric. oxide, Triferric tetroxide, Magnetite,* or Magnetic 
oxide of iron, re 304 , oeeurs 'in nature as the •mineral 'tnagneiite (seS 
pt. 12) ard may be regarded as® a compound of ferrous oxide and ferric 
oxide, namely Fe().Fe 203 , or as ,tlAifferrous salt of hypothetieal meta- 
ferr(^s tfcid, nanu'ly FeFcoO^. It fias a Idnck, metallic appearance, and 
crystallises in oetahedra and dodecahecka, of hardness 5*5 to'<>-5, and 
density approximately 4 1^ to 5-2. It was lirst recognised as a definite 
oxide of iron by Ga\^Liissae,-‘ who obtained it by tfio action oGsteam on 
iron. As its name would appeat* to impl^^ magnetite possesses magnetic 
properties, being attracted by a magnet. It is quite ])ossible, however, 
that the name of the ore does not really refer to tWV magnet, but to 
Magnesia, a town in Lydia, Asia Minor, where the ore was hid found. 
In the laboratory the oxide ihay be obtained iie a Miriety of ways. 
Thus, when iron is heated in steam to upwards oi 820°rC.'[^ it becomes 
coverecl; with a skin of inagnetie^oxiih , tlu! layers underneath consisting 
of various amounts of ferrous oxide associated with magnetic oxide in 
s(^id <;oluti(vi. If five iron is in the form of very thin ])lates, these 
may, by prolonged heating in the steam, be conviTted completely into 
the higher oxide. 

Magnetic oxi^; also occurs as a superlicial layer when iron is heated 
tOi'^auTrTetuTFrsVi is, at a temperature of 625° to (>5p° C. The 

oxide Kmeath the ofltermost skin has the composition^ represented 
by the formula Fe.^)| .rFeO. 

When ferric oxide is maintained at 1500° C. in nitrogen® or at very 
high temperatures in aii, such as those obtaining ii; the electric furnace, 
it IS reduced to mi»gnetite, for which reason it is possible, though scarcely 
profitable, to apply magnetic* concentration to haanatites at high tern- 
peraturcs.’ WlVen iron burns in oxygen, tlic magnetic oxide is produced, 
and also when ferri6 oxide is lieafcd to 40(|° C. in current of hydfbgeir 
saturated with water vapour at 30° to 50° ^At higher temperatures 
piV)ducts increasingly rich in'ierrous oxide are obtained. Thus : — , 

' 700° V per cent.<iFeO. 

8^U)° C. . . „ »?,• 


On hcirtpig ivjc|i’ced iroi^ in e+rbon dioxide at 140° ancl by reducing 
feiric oxide by hydiogen'or carbon monoxide at 500° C., Moissan has 
been abfe to obtain the milgnetic oxide.\ ' ^ 


' Thomsen, ThertnocfiemUtry, translateu by Burke (kongnmns, 1908), p. 265. 

Hart, Zeit., 1908, 32 , 746. ■/ 

• Gay hussar, Una. Chim. Pky.i., 1811, (Ut'lo, 163 ; 1816, (2), i, 33. 

• Friend, Hull, and Brown, Trnm. ('hem. Soc.y 1911, 99 , 969. 

5 See Mosander, Pogg. Ann^^leHy 1826, 6 , 36. , 

• Milgge, Jaheb. ^Min. lOil, 32 , 491. Sw also Sidot, Cont^. rtkd.y 1869, 

69, 201. VJ 

’ See this volume, Part 111. 

find Beyer* Bc'r., 1911, 44 , 1608. 
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be<St' obtained in a variety of ways, 
as by calcination of sodium c^^onate and ferrous oliloridc ' ,* by 


pf potassium sulphate and 
hydrogen chldlidl. upoa heated fei 


n phospha» w‘ “ ; by the action of 
ms oxide-*; and* by ignition of 


ferrgus fluoride wifh .boric anhydride 

When strongly lu#ih*d witii exeell^^of sodium cWoridc for several 
hours ferric oxide is conVerlcd into blac^k/Tystals of piagnetic oxide.® 
Pure iron wire, heated^to 1200*" C. in a eufreni of carbon dioxide, 
yields cTystalliiie niagnrtic oxide, the crystalst fn'quently exhibiting 
magnetic polarity. ^*Tln; presence of rnoiffture faeilitafen the formation 
of larger crystals.® • t f 

When iron wire is subjected to pri)t>i^ged fusion with sodium sulphate* 
it is converted into magnetite, the ItMium sulphate aeiiug,eatudyti^ally 
being fir^t reduced to sulphite and re-oxidised to sulphate by the 
oxygen of tlu^ atmosphere.’ Ferrous sulplwde may be oxidised to 
magnetite** in a similar manner. As obtained im'tliis manner, the 
crystalline magnetic oxide eloijly resembles the natural product. Its 
crystals are op’^aque, magnetic oetahedra, possessed of a metallic lustre. 
Hardness G to 6 5 p density, 5-21 to 5*25. , The crystals are not affected 
by steam^or carliou dioxides l^right red heal, are not attacked by 
diluted mineraj acids, and ar« but slowly dissolved by the concentrated 
acids or aqua s’cgia. • 

Ordinary ftiaguctic oxide of iron melts at 1527® C.® Its specific heat 
is 0 1 055.^ When heated with jdatiiiuV to IGOO® C. iti contact with 
air, magnetic oxide is reduced to the metal, oxygen bi'ing evolve^, t^e 
iron passing into solid solution in the })latininn.^® IIikUt low oxygen 
pressures reduetion in the above manner can lake place at 1400° C. 
VVIien heated in air for a prolonged period at 1000° (*., the ojydc is 
almost completely converted into ferric oxide. ATTwwl'Aj^,4ili«,ihe 
reversible reaction ^ . • •. * 


magnetic oxide lias no plTCcptiblc dissociation pressure at i:350° * 

It docs not react ^ippreeiablyVithjsuIphur dioxide at tiull redness.'*^ 
Raised to white heat in a current of hydrogen sulphid/*, it yields ferrous 
sulphide, accompanied by the evolution oP hydrogen, ^ulpliur dioxide, 
and a little sulphur trioxide. • 

• •VV4ien placed in freshly-fused potasnum hydrogeu sul})liate, a crystal 
of ma||netitc is only *slij^htly* attacked ; but i^t, a higher temperature 
there is an energetic action. , • » 

Hydrogen reduces magnetic oxide to the metal, ^thc reaertou being 
perceptible at 305 ^ 

, • • • 0 

^ Liobig and Wohler, ro(/g. Jnnglen, 1831^ 21 , M2. * • 

* Debray, Compt.gend., iSGl, w, 985. ^ Delray, titrf., J80f, 53, 

* Devillo and C^ron, ibid., 1858, 46, 704.* • • 

‘ Thompson, Trans. Ceramic 1918, 17, |2), 3 JO. 

® Donau, Monatsh., 1904^2$, 181. 

’ Gorgeu, Compt. rend., 181^7, 104, 11 74.® 

• Hiipert and Kohlmeyer, Bex., 1909, 42,V08l. 

• Abt, W^. Annalen, 1897, (2), 63*474. 

Sosman and Hostetter, J. Wcishington Acad. Bet., 1915, 5, 293. 

Honda and Son6, Set. Btp.Tohokn Imp. Vnix\, 1914, 3, 223. 

“ l^aJdet, J. Amer. Ckem. Sm., 1908, 30, 1350. * 

“ Hammiok, Trans. Chem. Soc., 1917, iii, 379. • 

Giy;iti«r, Cempt, rend., 1906, 143, 7. 

Glaser, Zeiis^. anorg. (j/tem.f 1903, 36, 1. 
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Magnetic oxide dissolves ^hy^ochloria abid. .I£ the 
present in sufficient quantity to. weld a cbmpiete ylutiSn of fenro« 
and ferric chlorides, ferric oxide ajfd ferrous chloridefere prodOee^ " 

The heats of formation of maj^etitc are a%follo^ ^ ^ 

ti\ Fc^O.,] -‘iffcAJ +(0) --45rilo ealories.i • 

* (calcined) ^ / 

, ;}| FeJ f 4(0) f-| 1^)4 1 4 265, 200 calories.^ 

;i| Fc I "f*^4(0) -^4 *'4*304 1 ■{ 265,7<)0 calorics.^ ^ 

* |F(;0| l4FcAl=^[i'4‘304j-f 9200calo];ies/ - 
r 0|FeO] } (0)^-.lFc3()4|-} 85,800^calorie5^.^ 
f «|FcO|h (())»-|Fc 3()4 I 1-75,600 calories.* 

OlFeCOal 4(0)=::y^€.p4] f 8CO2 -| 0 calories.^ 

r P , 

and at 490' C. under constant pressure^ 

8jFe| [ ^())-|Fe30,| t 267,880 calories. 

According to M(»issan,‘* magnetic ^oxide of iron exists in two 
polymorphic forms, according to its method of ])rcparation. The one 
form, obtained by high tcm})erature niethods, such a., the combustion of 
iron in oxygen, tfic action of steam on iron at red heat, and the 
calcination of^ ferric oxide at ’’bright red heat, is char‘.v;*tcrised by its 
insolubility in eoneenl rated boiling nitrie aeid, by dj^Miigh density 
(5 to 5 09), and by its resistance' to further oxidation \vhcn heated 
in air. 1 

e The sc'cpnd variety n'semhles the* former in its blaek appearance 
and magiK'tic properties, hut differs frejin it in density (4-80), in its 
solubility in nitrie ae-iel, anel in its tenelency to oxidise to ferric e)xidc 
whenrcaleine'el in air. It is e'onveiteel into the edlu'r variety when raised 
to. 'Khitr'!;rat^‘hi’‘nitre)gen. As explained in the case e)f ferrous eixide, 
howeveir,' tluse eliffe rene-es may sim[)ly he due to variations in the 
states of aggre'gatieiu ^)f the eixieh', aeeeireling te) its methe)el e)f preparation. 

Sovend suhstane'e's, sne*h as 4Fe().Fe203,’ 3Fe0.Fc203,'^ etc.,** have 
been deserib«d. It is highly probable, however, that these are not 
definite ehomie'al e'liti t ies. 

When ferroso-ferrie amnfonium carbonate (see p. 202) is decomposed 
by a hot eoneclit rated solution, pf potassium hydroxide in the absence 
of air, hydrated ferc’oso- ferric oxklc separates out,^^whieh, when drtccl at 
lOO'^ C., corresponds in composition to the for^mula Fe2O3,4Fc0f’.5H2f). 
Itis readily acted on with airf yielding hydrated ferric oxide, FcgOg.l^j^*'® 

tfA bhif^h black oxide, corresponding in composition to 2Fc0.3l:'e20g, 
is deserjbed ** as resulting when potassium nitrate is added to a boiling 
solution of fenx/iis sulphate rendered nikatinc with ammonia. 

^ Le rei^., 1h6.5, I2cf, 023. " 

Rul^ana G8r8tcn,7ifr., lft’2, 4^;' 6.3. - . 

• Mixter, J. <SVi., 1913, (4), 36, 55 . Compare Berthelot, Conipt. rend., 1881, * 

93» 17. ' , 

Huff and Uersten, Ber., 1913, 46, 1^1. 

Baur ah(i Olaessner, Zeiisch, physikal. Ohm., 190.3, 43, 354. 

• Mnisaan, opm ci<., p. 342 ; .4«h. Chim. V)tyi*., 1880, (6), 21, 199. 

’ Berthicr, Ann. Chini. Phya., 1824, (2), 27, 19. 

, • Doebereiner, Arch. Pharii., 1845, (2), 41, 29, ^ 

• See Mos^tler,‘ be. cit. ; Laurent and Holms, /Iwn. Chim. Phya., 1836, (2), 330. 

»• Hauser, Bar., 1907, 40, 1968. c ^ 

Kaufmum, Zeitach. Elektrochem., 1901, 7, 733. 
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^ j[^ic oxide dissolves iii hydro- 

eiiiori^ aci(f, and"the solution so Obtained yields, on pourinjr into an 
excess of sodium hydroxide solut^n, h blaelc .precipitate which, on 
drying, is attrtictid by«a magnet, p is the manohydrale^ Fe304.H20. 

Jhe sesqui-hyUrate, 2Fe304.3H20, is ob^uned by .precipitation in 
an analogous ^inaimcf from niix(‘d solutions of ferrmis and ferric salts 
in the proportions theoretically n^qiiired.* 'J'he precipitate is darlc 
green to black in eoloi^, and strongly niagnttie.^ It maybe washed 
in the*presence of air without oxidising, and l<>^cs w'ater J)nly, on 
heating. • • *« 

Ferric oxide*, Iron'sesqui-oxide, Fe./)-# occurs in abundant quantities 
in nature, both in the massive and ^Tystal line forms, the former beiifj? 
known as red hcvmntites, wiiilsl fife latter are \i:r]nvd,spe()$dar^ iron 
(sec p. \()) when tlu' crystals »are rhombohedra and sealenohedra, or 
7 nicaeeou 6 ‘ iron wlu'ii in tlun translucent seale.'i 

In tlu* laboratory* ferric oxid(‘ may be obtained*ih a variety of ways. 
Tluis wlien ferric hydroxide or sulphatk‘ is strongly lieated fiTrie oxide 
remains boiiifld, and the same apj>li(‘s if ferric chloride; or sulphide, 
ferrous oxide or carbonate, or indeed the^majority of ferrous salts, ^ arc 
heated ii^eontaet with air. Several of thesi* nuthods ar(' adopted on a 
manufaeturinj^' scale. For example, in tli^ manufacture of sulphuric acid * 
iron pyrites i.^ lyasti'ddn air, leavirfg a residue of ferric oxide. Thus ; — 


> 2FeS2 I llO-=tSQ2 ] Fe/bj. • 

Ferric oxide; is manufac'lured in large (juantities for use; 4s a pigniont 
by roasting ferrous sulphate obtained liy we'athering iron pyrites, as 
described on page 117. 

Ferric oxide is also prepared from liquors containing ferri* salts 
in solution^ and which are* edherwise waste* produe-tsin niaiVy i..i/.’.v,f:v,*tur“ 
ing preieesses. If ferrous salts are prese-nt, they are** first o^disexl by 
aeidiition of nitric ae‘id or ble‘ae*hing pe)we:le‘r. T^ie ae*id is neutralised 
by addition of soda or lime, ferric hydroxide being prccijiitatcch Tho. 
washed product is #rinally de*hydrabed by he«t , beeeiming perfectly 
anhydrous at 500 "" C. upwards.^ 

Ferric oxide, in a more or less iiujiur? ejpnelition, is manufactured 
for pigmentary jwirpeises by the ignitjon e>f natural ferric hydroxides 
•such*as ochres (see y. 18). ^The eedmir e>f the lii*d preiduct depentls ^ 
largely upon the comple^^cne^ss with which tho water has been {*xpellcd.® 
Thu^^ Venetian reds arc prodweed after ig%iition at dull red hc*at fior 
some eight hours; ten hours’ heating yields UghVred^; twelvc*hoursHhc 
so-callcd ; and so oiij^ ^ ^ 

Crystalline *F err ic Small q^ystals ferritj oxide may be 

obtained by fusing^morphous*ferric oxid^ wi^ sodiuui b#rate (borax), 
and extracting tlv^m from the* cooled ma;js witnthc aid of^lute*aque^US 
, • • * * • • 

^ Liebig and Wohler, Pogg. ^nnahn, 1831, 2i, 583 ; Lefort, Compt. nnd„ 1852, 34 , 4B8, 

“ See Preujss, Annalen, 1838, 36, 98 ; Wohrer, 1838, 28 , 92. 

* Le, salts whose acids arc volatile at high t^peraturcs. ^ • 

* See this soties, Volume VIL t 

* Carnelley and J. Walker, Tran^. Chem. Hoc., 1888, 53 , 89 * 

* The action of heat on ochres ^d the production of aUotropic forms has been studied 

by Bouchonneg BuU, Soc. chim.^ 1912, (4), il, 6 ; 1911, m, 9, 345. ^ . 

’ See A Treadae on Colour Manufacture^ by Zerr and RQbenkanip. ^ranafatod by 
0. Uayer (ChAs. Griffin k Co., 1908) ; also Bradford, Proc. Paint Vamiah Soc.. 1020 . 
No. 3, p. 185. 
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nitric or hydrochloric acid. ^ P&ag/ of gaseous* h^dioge])i 
the ferric oxide * at red heat ; of j^eam containing some aminonituti 
fluoride over the o^jide at 600 "*^.*; of ammoniimi chloride" ove 
ferric oxide at, 700° C.^; or of vaporised ferric chloride over heate< 
lime, results in the forpiation pf small crystals^* of ferric oijfide 
Crystals have bet^i found, proceed by the first, of the^e methods, ii 
iron pipes which^liavc for n^ny years ceiiducfcd alternately hydrogel 
chloride and air in a pKint connected with Deacon’s process for th( 
manufacture, of chloride.'* Crystals have also 'been found as products 
of smelting opeya'tions, whilstr crystals having the fo;;m of specular iror 
have been found in iron rush from a building seven hundred to eighi 
hundred years old.^ lly heating (^mixed solutions of the sulphates oJ 
copper ipid irpn (fi rrous) in scalecl ttibes tq 210° C. for ten hours, crystals 
resembling those of mi(!aceons iron are produced.’ When ferriq^sulphate 
IS heated, it decomposes^ yielding hexagonal lamelhe of ferric oxide, 
having a density (tfi4-05 at 14° C.** 

Ferric oxide, pseiidomorpIiQUS with magnetite, may be obtained by 
heating magnetite crystals in the blow-pipe flame for Several hours ; 
oxidation takes place, the crystals retaining their original form almost 
unaltered, but losing their magnetic ‘projicrties.'** 


Ferric oxide may be obtained in an exccptiofially jjuic condition,^® 
very useful for analytical pur|^)oses, by dissolving a piedc of metallic 
iron, preferably of high [)urity, in hydrochloric acid, diluting, and 
precipitating as sulphide by passage of liydrogcn sulphide, any copper, 
etc., with which the metal is contaminated. The clear liltratc is 
evaporated to small bulk, oxidised with nitric acid, evaporated to dry- 
ness with hydrochloric acid, taken up with water, and extracted 
wjtlw-ith^ ‘Tiie ethereal solution is distilled, and the residual ferrous 
and ferric chlorides dissolved in diluted hydrochloric acid, reduced 
with sulphur dioxid;; and precipitated as ferrous oxalate withr the 
, ammonium salt. After thorough washing the oxalate is ignited to 
ferric oxide. ^ , 

Pure ferric ^oxidc is recommended for the standardising of 
permanganate s*C)lutions foi* volumetric analysis. It is dissolved in 
hydrochloric acid, reduced with stannous chloride, and titrated with 
permanganate. '' 

As obtained by any^of the foregoing metjiods, ferric oxide is an 
extremely stable substance,'- soluble in acids only with difficulty^ It 
meJts at 156^° C.,^^ and freezes at 1562° to 1565° 

‘ Hau^r, Sitzuni}:her. K. Akaul WjW. Wien, 1854/13,450. ^ 

• Peville, Compti^ rend., I80t, 52, 1264'. . * 

g P 889, <11., 880; Arc|.ow8ki, ZeiU'h. anorg. Ghem., 1894, 

^ Arctowski, hull. Acad. roj/. Belg., 1894, (3)^ 2% 933 ; Zeitsch, anorg. Chem., 1894, 

6, 877. ^ ‘ 

^ Munroe, Am^r. J. Sci., 1907, (4), 24,\t85. 

,• Rosooe Schorloramcr, Treatise <Wl Chemistry, vol. ii, (]\lacmillan & Co., 1907). 

’ de Sonannont, Ann. Chinu Phys., 1861, (3fs 32, i44. t 

• Laohaud and Lepierrjs, Compt. rend., 1892, I14, 915. 

• Friedel, BuU, Soc. fran^. ^in., 1894, 17, 160. ^ 

“ Brandt, Gh^m. Zeit., 1910; 49, 606, 031. 

BAndt, f908, 32, 8121; 830, 840, 861. 

** Hilpert and Kohlmeyer, Ber., 1909, 42, 4681. 

v*xKoUmeyer, MetdUwf/U, 1909, 6, 323. 



’ y*" cocfficitet' of fexiansfca with rise af temperature 

is 0*00004.1 ; \ 

Itsi specific heits for various ten^rature intc’yals are as follow * 


•• , 

Tcmiiorature Interval. 

• 

* • 

S|Acific Heat. 

• 

1 MoledUlar Heat. 

' « 

m 

^191-9 to* -81-6 
-- 19 1*9 -80-4 

0-0728 

o-or2t 

• 

! 

*y ir-^o* 

- 73-6 „ 0 

- 78-8 „ 0* 

# 

I•a■l3l8 

01818 

ij. 21-05, 

3-9 „ 43-8 

* 3‘2r, 44-8 

• 



0 1604 * 

0 1506 

• 

ll.'is-sa 


At about 2500* to 3000® C. it sliows siijiis of volatilising.® 

It ci^stallises in tabuhir hexagonal scales belonging to the 
hexagonal sy:»tein, and possesses a steel-like lustres The edges 
are ruby-rccj^ ifi colour, and give a red streak. Density, 5T87 
to 5*193,'‘ , • 

At 640® C. ferric oxide appears to lAidergo a polynioi phic change.® 
The magnetic properties of ferric oxide are onlinarily very fiH'ble,® 
but wlnm heated to a very high temperature, ns, for example, in the 
electric furnace,’ or oxy-hydroge n flame, ^ it becomes magnetic, owing 
to conversion into tlu; magnetic oxide, he-^Oj. It is pot roducihle by 
solid curb(ui, in the absence of gases, below 950® VVht*'n h<?atod 
with platinum to 1600° C. in the air, ferric <ixide is n duced to tlic metal, 
oxyffen being evolved Jiud the iron passing into*solid solution in the 
platinum, Under low oxygen pressures tlie temperature of recfiiction* 
may be as low as 12§0° C. . • • 

When heated to 480® C., under a pressure of twelve atmospheres 
of oxygen, ferric oxide undergoes no chcmiml change, a higher oxide 
noj being formed. “ • ' * 

mjh magnetic o?iide ferric oxide fields a contiifuous series of solid • 
solutions, ranging from*Fc 203 down to pracl?ically Fe,.,0,, itself. No 
intermediate oxides have beenHlctectcd.^^ * • 

• 

1 Fizeau, Ann. Chirrf. Pftys . (4). 8, 835. 

• Kusseli, PhyM0il. Zeitsch., 1912, 13 , 59. ^)thor data ar<‘ gwen by A^)t, Wied. 

Annakn, 1897, 621 474. Compare aisc^LatlemaAc], Ann. Ch^m. J^hyx* 1863, ( 3 ), 223 ; 

Malagutti and Lallemanil, ibid., 1862^ (3), 64 , ^14. • • 

• EUnor, J. prakt.dOhem., 1866, 99 , 267. , • «* 

• Kohlmeyer, Meiallurgie, 1900, t, 3(C3, * • • 

• Keppeler and d’Ans, Zeit 8 ^. phystkul. (Jhem., 1908, 62 , 89. 

• See Malagutti, Ann. Chim. Ubys., 1863, (fh, 214 ; l.^llemand, p. 223; d© 

Luca^Compf.rend., 1862,55, 615 ; Smith, Ann.%%im. Phys., 1844, (3), 10 , 1^0 PlttcW, 
Pogg. Annalen, k848, 74 , 321. t 

’ Moissan, Comjd. rend., 1892, I15, 1034< * 

® Read, Truns. Chem. Soc., 189-^ 65 , 314. , 

• Charpy siil Bonnerot, Compt. rend., 1910, 151 , 644. " ^ 

Sewman and THostetter, J. Washington Acad. Sci., I 6 I 6 , 5 , 293. 

Milbaver,*J^» 9 A<A Inter, Cong, App, Chem., 1912, 2 , 183. 

14* Soimaa and HoAoUer, J. Chem. 80 c,, 19 W, 38 , 8(T7. 
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The dissociation pressures of ferri| oxide bet^deen 1100® sffil 1400® €. 
are as follow ; * 


Tcriijierature. 


rtoo 
• 1150 
1200 
1250 
1,300 
1350 
1400 




Pressur^ 
(mm. mercury)* 


5-0, 
70* 
9 0 • 
20 0 
59-5 
16C0 
454 0 


Ferric* oxide* is reduced to l^*rrous oxjde or the* inelal^ necordin^^ to 
circumstances, hy carbon monoxide*. At temperatures below 1000° C. 
the dry is meire cffcctiv^e* than the; meiist, l)ut at lrt’50° C. both moist 
and dry gases behave alike*.^ At and bl*low <S50^ C. the iroti is con- 
vertcel into carliielc.*’ At 700'^ t he*^ re'action , 

.‘iFe-A I (’() -2Fe*A I CO2 *’ ' 
also talccs place.'* I 

,, Fc;*rie eo^idc is reduceel te) nu*tallic iron whe*n strongly heate'd in a 
current e)f hydrogen, tlie water vaj)Our f’eirmeel eluring the reduction 
being rapielly e'arrieel away in the current of gas, 

Th/‘ temperature* at which re*eluclie)n be*gins depenels on the tempera- 
ture iei wUieh thr oxide* has previemsly be‘e*n he*ateel.*'* 

In the* ease eiV hyelreigeu gas the reaction usually begins at about 
880® C. with the formed ion of magne*tie e)xiele. Thus : - , 

" * , OFeA I n2,-=2^^>304 ^ 


Carbon monoxide is activ e e‘ycn at 210® C.''' At 500® (\ ferrous oxide 
is formed : - ** 

• ^ Fe30,dIf^=3Fe0in.p; ^ , 

and at 600° C. complete ceeiuetiein to metallic iron is effected : — * 

• “ , . • FcO-Hl2=l<V (-iljO. ' 

The methl obtained at this temperature, however, is ndt .pyrophoric.® 

It v^ust Ije iV'mcmbereel that* the fewegoing tenn)eratures arc only 
approxitfiatioiusj;* aneJ reKrr tel e.‘xperimcnts e)f ordinary duration. For 

‘ * t ' * * * 

‘ Walden, J, Amcr. Chem. <Soc., 1908, 30, 13o0. sfightly different data are given: * 
Treadwell, ZfiUth. Klektrochem., 19U>, 22, 414. See aiso Hoste'tter and Sosman, J. Amer. 
CA«m. -Soc.. 1916, '38, 1188. ,* 

• Bouefoudrd, Compt. rend., 190.5, 140, 40. * ^ 

» Hilpert and Dieokmann, Ber., 1916, 48, 1281. 

* See Braithwaite, Chem, Xewe, 1896, 72, 211 ; Baur and (Jlaoasner, ZeiUch. physikal. 

Chem., 1903, 43, 364. 1 * * * 

* Hilpert, 1909, 42, 4576. Compare Glaser {Zeitsch. anorg. Chem., 1903, 36, 1), 

whp mves 287® C. as the commencing temperature. ■ 

^ J^ia8an,«pp«a cit., p. 347. 
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example, the last reaction, statU ti* begin at about 600' C., will 
take place,* albeit very slowIy» A considerably lower temperatures. 
Thus, after nii^ty-sixi hours of \treatnunt, Moissan was able to 
reduce the ox'jde to n^^'tallie iron i* C., niul the^mctal was then 
{lyrophorie. •% , *• 

If, IioweviT, the reduction is ina'le to tifkc* |)lae« in a more or less 
eontined area. Various cfiiiilibwa are set u|^, aeeordin^j: to eireumstanee%. 
Thus : - 

• . • Fr,(), i 2Fc j 

and these reactions are still further eomplieated by the foriuation af 
ferrous oxide and nia^^netic oxide. ^ I • ^ 

Ferric oxide is rapidly redi^eed by nascent hydro^jen.* If addfed to 
hydroehtoric acid in which metallic iron is dissolvin/^^ it is reduced 
and quickly dissolve;^!, yieldm<r ferrous chloride. “ • 

Fernh oxide' is not attae'keel hy ^hiemyl ehioride. SOFl^, at the 
ordinary temperature'. At (’. the feillowin^^ reaction naelily takes 

place ^ 

FcjOa f ,%SO(>2==2Fe't’l3 f ;5S()2, 

• 

the ferric: ehl^triele' crystallisin'^ out in ^u’ee'ii hexa^ninal j^ates.^ 

Heated ^jiitft sulphur, fe rrie* eixiele* yielels ferrous sulpbiele and sulphur 
dioxide. With hyeiro«,n-n sul[)hiele at white* heal hyelro'jeii aneWsuIjihur 
dioxide are* eveilve'd : * * 

• • • 

‘iiv./)., i ril^S- Hu'S 1 .380^ I 

Ferrie oxide reacts sleiwly at 700^ to 800® F. with suljibiir dioxide, 
yielding sylphur trioxiele* anel iiiH'^nie tie eixiele- : ' - - ^ 

* • 

. 3FoA l -SOj -2tVA I s<V 

9 

Below 600® C. thore^is no aetient. ^ ^ 

Ferric oxide is attacked by eddeiriiie at higli temperatures, yie*lding 
a sublimate of ferric eldoriele/' the same »jdt be ing al.fe) preielueeel upon 
ignition of the eixide in Jiydreigeii e'hleiridc.^ Animeiiya, iineler similar 
• (inchtiems, is oxidised te> water, a nit^de eif iron hyng proelucech 

* !>;iTic oxide is ^Iissolve*fl by liyelreichlorie aeie). Nitrie* aeid 'dtiCff 
not attack the igniteeTeixide. Sul]>hurie^ aeici, jiartieularly a mixture 
of ^ parts of acid with 3 part*s eif wate'r, effects its sedution.'^ • ^ 

When heated •with caleiuiT^ sulphate, terrie dxidc c^iuscs the ex- 
pulsion of suljfliur trieixide, and a shnilar rcaetion^takes jilaee with 
lead and magnesium sulphates.® * * * 

1 * • . . ^ . 

^ See this volunu-. Part ii;., • wh^re (he reattionsttaking place ifi tlie hjast fu#nace 

are discussed. 

* Bomtrfi.ger, Zeitsch. anaf. ('hem., 1896, ^ 5 , 170. • 

® North and Hagcmann, ./. *Amer. Chem. 1913, 35 , 3r)2. ^ 

* Gautier, n>njl , 190(), 143 , 7^ • * * 

“ Keppeler, Zeitsch. ftmjetr. Chew., l{n) 8 , 21 , r>7» ; Hanimick, Trann. Ch^m. Soc., 1917, 
III, 379. * 

* y(%beT,4^ogg. Annalen, 1861? 1 12 , 619; J ah rcjf her., ^HGl, 14 , 148. 

’ Beville, C(mpt. rend,, 1861, 52 , 1264. • * ' f * 

* Mitschfriicb; J. prakt. Chem., 1860, 81 , 110; Siewert, Jahreaber., 1864, jy, 266, , 

* Schearer-Kestfter, Compt. rend., 1884, 99 , 876, » , ^ 
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•IRON AND ITS COMPODNDte. • 

The heats of formation of arifiydAus ferric c^ide Jbelow 41)0*^ C. fi^e 
given as follow : — J . ^ 

2fFo] 1 3(0) = fFejj/j] + 194,40o'calories.i. 

•2fFe] )- 3(0) ^[Fcjfial + 1 92,200^;alories.“ 

2[Fc'01 1(0) ==| FoA] +65,200 chIoKcs.' 

2 | bV0] + (0) = [Fc'3b3] +08,700 ealMies.* , 

2 [F«(‘/),i] h^O)=t^i[Fc 263 ] 1-^4,500 calories .2 

Ferric OMe as a Catalyst. — Ferric oxide ^^ossesses the power of 
catalytieally proi^ioting the coitibiaation of sulphur dv)xidc and oxygeiT 
at red Ijeat. The action is jierccj>tiblc at temjteratures just above 
400*^ C., att.jiining a maximum at when 70 per cent, of the sulphur 

dioxide i| con^verted into trioxide.* • The /)rigin of the ferric oxide is 
of considerable importance, tliat prepaied from the hydroxide being 
particularly active. Admij:ture of copper oxide increases the cfTieiency, 
as does also the prcsJt^jice of arsenic at tcmj)eratures«rbovc 700 

In commercial practice, th(i» ferric oxide is obtained from pyrites 
cinder, and experience shows that its catalytic activity *is greatest if 
the ferric oxich; is used fresli^and not lirst allowed«to get cold.*' It 
appears that if the air required for *oxidution of the pyrites,is dried 
previous to admission to the burners, the r^'sulting mixtiyc of sulphur 
dioxide and air*is more sensitive to the action of the c^t^ilyst than is 
otherwise the ease. Under highly favourable conditions hO j)er cent, 
of the sfilphur dioxide is conve/Ied into sulphur trioxide, and a con- 
version of GOjper cent, is quite readily obtained. 

Owing to the liigh temperature required, however, there appears to 
be a loss of suljihur trioxide through dissociation when the jirocess is 
carried, out on a commercial scale. A process lias therefore been 
patented accord^^ to whieli the conversion of the sulphur dioxide into 
triSxidc i^♦^endere^i practically complete by passing the parCially con- 
verted gases emerging jrorn the ferric oxide chamber through a second 
chamber containing platinum as catalyst.** * 

The manner in which, the ferric pxidcTs able to function as a catalyst 
has been the subject of discussion. According to one theory, it is 
supposed to undeVgo alteriYitt reduction to magnetic oxide and oxida- 
tion to ferric oxifle ; thus :* 

« aFcoOo -i S0/=2Fe30.f -[ SO,, . 

4Ff30,^+02==GFe203. • 

[t h«s also* been suggested that sulphur dioxide and oxygen combine 
with the ^ferric oxide t(^ form ferric svlphate, which tjien dissociates 
nto the trioxide, degenerating the ferric oxide. Thus : — * 

^ 2Fe20^shGS03d-303=:::2Fe3(S04)3, • 

I ^ « * Uo 2 (|SO^)^=FQ 203 -f 8 {> 03 . * 

A third theory^ has been putiforward by'Keppclcr, according to 

^ Le Clfatelier, Compt. rend., 1895, 120, 6:^3. 

* Mixter, Amer. J. Set., 1913, (4), 36, 66. 

* Lunge and UcinhoAlt, Zeitsch, angew. Ghent., 1^. 17, 1041. 

* Lunge and Pollitt, iblV, 1902, 15, 1106. 

See Ef^^sh Patents, 17206 (1898), 24748 (1899). 

“ English FaletU, 24748 (1899), r , 

’ JCeppflor and his oo» workers, Zeitsch. angew. 1908, 2 i, 532, §77. 
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which cataJ)ryc acfion is atfrljutaWe to a physical cause, the gases 
being condensed on the surface fe the ferric oxide and uniting under 
these condition!^. Thil theory explains the similarity existing between 
the catalytic'activities of ferric oVde and platniuui, and harmonises 
very satisfactorily jvitn the conclusions of Bone and tVhcelor, relative 
to Ihe catalytic activity of ferric oxide and other ht^ted surfaces in the 
surface combustion of niixtinyivs of hydrogem and oxygcnd • 

Many other reactions are known ih wlik'h ferriC oxide acts as a 
catalyzer, '^hifs, it assists the decomposition of mercpric oxide at 
temperatures bet wt^ein and 480° and the ox^lation of carbon 

monoxide witll st*cain, the reaction proi*eeding very slowly aj 250° C. 
but rapidly at 400° ^ • 

It assists catalytieally the (‘omWsfon of sodium chloride ir^o sjdium 
sulphate when heated in a e/irn iit of air along with ‘finely divided 
pyrites.^ It also accelerates the deeomjiosition of potassium chlorate 
when heated with tl^is salt, much in the sanu* way^if» manganese dioxide 
has loifj,' been known to do. More ^chlorine is evolved during the 
decompositicfti, however, and under certain conditions the oxygen is 
evolved at an e\^m lower temjKTature than when manganese dioxide 
is used.'* , • 

Polymorphism of Ferric oxide — The jellow colour in certain bricks 
is stated to i)e due to a yellow inodilication of aidiydfous ferric oxide 
rendered stjtldf by alumina.*^ 

It may well be, however, that th^ colour of ferric <»xidc1s deter- 
mined by the size of the grain rather than by any variation in molecular 
structure.'^ Thus, brown and viohd. samples of f('rri(; o\'ide a^c con- . 
verted into the yellowish red variety by alternate grinding and washing 
— processes which, in view of the chemical stability of ferric oxide, arc 
hardly likely to effect a molecular transformation. * 

Hydrated ferric oxide, Fe(OIl)3.Aq., occurs in fiatur(‘ jn various 
stages of hydration, the best-known minerals b(‘ing (see* pp. 17-19) ns 
fom)W: ■ 


Turgite, 2Fe/)3.II,(). 

G\)ethitc, Fe20;j.Il20. 

Hydrogocthilc, ilFcoO;)^! FO. 

Limonite, 2Fc20;{.8ll.20. * 

Xanthosiderite, Fe^T)3,2ll20. 

Ltmnitc, >>203. 81120. 

Esm^raklaite, Fe20.3.4HgO. * 

• • 

When heated •with water under enormous jA-essun^ (some ^000 
atmospheres). ftrric oxide heeonies hydrated.^ At i‘2'5° C’.' it yields 
brown iron stone ; at 42 5° io 02 5^ C., Goethite, rT*s, 03 .H 20 .^ and at 

^ Soe Bone and AVhceler, Pf^l^Trans., BtOO, A, 2oCf 1 ; also thin sSrjcs, Viilume Vll. 

* Taylor and Hulett, J. Phydcul Chan., 1UI3, 17, rytio. 

’ Armstrong and Hiiditeh, Jlroc. Roy. 11120, A, 97, 2G.>. ‘ 

* Krutwig, Rec. Trav. Chim., 1897, 16, 17^ . 

HodgkiD|on and Lowndes, Chem.^avx, 1888, 58, 809; J889, 59* 08 ; Milts and 

Donald, Trans. Ckem. 80c., 1882, 41, 18 ; Fowler and Gra|it, Trans. Chem. 80c., 1890, 
57, 278. See also this series, Volume VII., Part I. ^ 

• Scl^eetzf/. Physical Chem., 1917, 21, 070; Tomniasi, Bull. S(k. chim., 1882, (2), 

38, 162. • » • ♦ • 

’ W6h!ei*and Condrea, Zeitsch. angew. Chem., 1908, 21, 481. 

• Ru4 Ber., 19<n, 34 . 3412. . * 
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higher temperatures, a hydr(^haeMa1:ite, 2F^203.ll20, rdseftibiing 
tiirgitc in composition.^ I . 

Ferric hydroxide, dried at 100° t., gradually becofnes rehydrated 
upon prolonged exposure to a saivt^nicd atmosyhere.^ Although the 
above substances are usually d(.‘serfbed as hydrate^ ferric oxide, ^ it 
is by no means (‘crtain tlia! all of them arc to be regarded as definite 
' clftmieal entities. 'I'liey are lyostly hygroscopic sul5stance<i, the amount 
of water they eonriiin at iuiy mdnient lluctuating with the temperature 
and humidity^of the atjnosphere. The task oP dctcrnlining prtcisely 
how rnucli of *the^(*ontain('d w'^i^ur is merely *^hyfy call attached to the. 
oxide, aiyl how' much is chemically combined with it, is fiot easy. 

• Precipitated ferric hydroxide becomes gradually dehydrated when 
its temperature is raised. At •sSI C. it attains the composition 
FcgOa^yirJO, a\ul with furtluT rise in ^temperature, more water is 
gradually evolved until at about 885° C., a substance represented by 
the formula lOFe./VIJ./) is*obtain(‘d, which remain^ constant in w'cight 
for several hours at 885° to 115° C At i)0()° C. the oxide is ptrfcetly 
dehydrated, and its weight remains constilnt.'^ • 

The 2Fe./);i.Il2(). occurs in nature as th^‘ mineral turgitc 

(see p. 17). It may be pre})aiA‘d in fche'lijiboratory ^ by boiling ferric 
hydroxide with distilled water (ipr prolong(‘d pcTiods, when it becomes 
partially dehydftited and loses its gclntinous appearance. Mt still con- 
tains from 4 to 0 per cent, of water, a})proximating to aboxiposition of 
2Fejj03.1420. The same (‘fh'ct it j)roduced by heating the hydroxide 
for 1000 to 2000 hours at 50'" to 00° C., the resulting oxide having a 
bri^k-rtfd ajijft arance, and a density of 4*5, and generally resembling 
red luematite. It sc'ems reasonable to suppose that the change may 
take jilacc at still lower temperatures, given sunicient time, and it is 
thus tmVecessarv to ))ostulat(; the need for high temperatures to account 
for»thc j)ro 4 luction«ol’ some of our deposits of red luematite. * 

The hoHohijdraky Fe^O^.H^O, occurs in nature as the mineral 
Goethitj (sc(' p. 1 8), whMi is regarded as a dctinitocrystallinc hydroxide ® 
ahd not as a eolloid like limonite. Thcunouohydratc may be prepared 
in the laboratoty in the'amorphous condition by tlfe ])roIongcd boiling 
of the brown precipitate resulting from the addition of alkali to ferric 


red, and the resulting hydrate isYemarkably resistant to acid atkick 
Bi/thfig'edrieentrateirnitrie acid has but little effect, and even eoRcen* 
trated hydrochloric acid bnl>^ attacks it after prolonged digestion at 
the*boilingij)oint. After some hours of treatment with acetic aciJ at 
lOO'^C. a cohtirless folUiidal solution is obtained, from which addition 
of a trac^ of sul^liurie acid efhvts the precipitation (ff.thc insoluble 
mpnohy^rate. iK howcS iT, the SolutioHb is jwepared in*the cold, it 
possesscs€i wiile#?cd coloift anil reacts like a ferric salt. 

• • •***« ^ 

‘ See Totninasi, Bcr., 1879, I2, 1929. * 

* Cross {Chem. News, 1883, 47, 239) continued his experfinents for 192 days. 

* See Fischer, ^eitsch. nnorg. Chem., 19Uh 66, 37 ; vaVi Bemnielen, Bee. Trav. Chim., 
1699* z8, 8(f;' xan Benunelen and Klobbie,*./. prakt. Chem., 1892, (2), 46, 497. 

* (^Jarnollcy and Walker, Trams. Chem. *S'oc.,*l888, 53, 89; Ramsay, 5. Chem. &oc., 

1877, jst, 395. * » Davies, ibid., 1806, 19, 69. 

* Fischer, Zeitsch. anorg. Chejl., 1910, 66, 37 ; PosnjalLand Merwin, Amtr^J. Sdi., 1919, 

47 , 311 . • « • • • 

’ Saint Gilles. Compt. rend., 1855, 40, 568, 1243 ; Chvm Phya., 185^ (3), 46, 47. 
See also Bajiorcj^t. J. PhysicaiChem., 1915, 19, 232 • * 
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Wfterf iron is.expcfced to moilt aiP, it readily becomes coated with 
a light, friable, and irons m^sJ of oxide, which is brown in colour, 
and is generally termfd rust. Numerous analyses of rust have been 
published fronn time time,^ whi<|h prove that its eomposition varies 
according to tliU ijge aiul methocf of formation of the rust. When 
formed by exposure to ordinary air its compositioi^ eorresponds fairly 
closely to the* formula FC2O.J.JI2O. , • 

The monohj'drate has been obtainAl iii erystalliftc' form in several 
ways, •such jvs, for exjfrnple, by the action of eoneent rated j)otassium 
•hydroxide solutioy uj^m potassium iiitrfprusside.^ • ^ 

When iron* is atkieked by fused sodium peroxide, dark rci tabular 
crystals of a monohydrate, FegOg.ILO, are obtained, of density 8*8 et 
27° C. The hydrate is m.-y^nieticUiiTd when heated to low redness a 
magnetic form of anhydrous fvrrie oxide is obtained/^ * * * 

Crystals of Goetliite have been maintained under a })ressure of 9500 
atmospk(Tes for 2(^days at 15° (’. without ‘sliowjng any loss of water, 
although almost all the waterjs exj)ellql when the crystals art' immersed 
in water fot 7 days at 320° to 330° (’. undtr a ])rcssure of 185 
atmospheres.** ^ 

An jinstable variety of.FeoHj.ll./)* is obtained by partially de- 
hydrating the dihydrate by ex|)osure m a desiccator. 

Ferrous ^cid Fc'^Og.II^ft, or FIFeOo, ])ossesses tin* same empirical 
formula as ♦he monohydrate, and is discussed on p. 129. 

The sesqui-hijdraie, 2F(*.2()3.3ir20, ij generally rc'garded as resulting 
when the normal trihydrate is alloweci to dry in a vacuum. It occurs 
in nature as llie mineral limouife (see p. 18), and is a vftluabl(* soiTrcc 
of iron, it is probably not a chemical entity but a colloidal substance 
containing adsorlxal water.’'* 

A satisfactory explanalion for tlie yellow colour of limonitc*lms not 
as yet Ix'^n offered. Possibly tin* colour is due to tW(‘ adsoij)tion ofran 
iron salt, lint this has not been prov(‘d.^’ • 

A substance; haviijg^a composition eorrespclluling to the dihydraie, 
Fe203.2ll20, is obtained by dissolving reduced iron in hot, diluted 
sulphuric acid and healing until the acid begnns to fume anel the iron 
is transformcel inte> a faintly red, crystalline powdei*. 'J'he acid is 
poureel off anel the precipitate; shakc‘n witHseedium ]i^xlre)xide solution 
lind»tinally washed with water. I'ln' substance* is formed as brow'nish 
plates of density 3 •231- at 15° (’.” * * *** 

It is probably ne)t et dennite* hyelrate*. ^ ItTe>se*s wate r when kept in a 
deSiccator, yieleling a subsfanee ee)rrespone)ing in e*e)m})osition to*the 
monohydratc, Fc'^03.H20, but which is ned ve ry sPable, itnd is proBably 
not the nornkJif moneihydrfrfc. » % 

The irihydraie, Fe203.3ll/), or Pc(011)3, ^ the oreiwn ve>^uminou.s' 
precipitate obtairted on adding aiualkaSl te^^i solutie% J)f a k rric salt. 
The reaction Is de-licati^*,. Impart e)f* iron^ in 8?),0()()*parts^ of water 

^ See p. 77, where ftnalytl*^ anel referencfa are given. • 

“ Roussin, Ann. Chirn. Phys., 1858, (3), 2 H.'>. See the cntieiH^s,£ 4 f van BemmeleU 

and Klobbie,^. jnrakt. Chetn., 1892, (2),^6, 49^ • * 

* Dudley, Amer. Ch4!m. 1902, 23, 59. See also Brunck and Graebc*, J?er., 1880, 

13 , 725. * Sfwzia, Alh R. AcxMit. Hex. ToAn 'o, 1911, 46 , 682. 

* Fl 8 che% loe.. cil. ; Posnjak Ind Mer\nn, Axner. J. 1919, 47 , 3il. 

* Bancroft, \/. C/r€w., 1915, 19 , 232. • • * ♦ * 

’ Veate^herg, Ber., 1906, 39 , 2270. Sec also Wellzien, Annalen, 1866, 138 , 129; 
Muck, Ja^hresber., W67, 20, 287. - ^ • 



124 


IRON AND ITS dOl^UNDS: 

being detectable by the precipitate obtained if 
employed.^ * . 

A mixed solution offeiTous sulphate and hydr 
ferric hydroxide upon standing, cve|l in tlie dark^^ Its heat of forma- 
tion is . * , * # •' 

2[J'VJ !-;3<0) I 8lf20=2[Fc(0II)3] +191,130 calorics.^ 

♦ , • ' 

11‘ the triliydratc is boiied wkh water for several hours it gradually 
assiiines a brick-red colour, being converted* iftto tlie' monohj^lrate, 
FcgOa- 1 12 II (se e i). Fi22). Vhc trib 34 ,drate is readily soluble in acids yielding , 
ferric salts. It tilso is slightly soluble in ordinar/ distilled water, 
naiuely, lo tin* exUiit of ()-151 ingiu. of Fe( 011)3 per litre at 20° C.^ 
Freslily preei[)itatc(I ferrie hydrij.^ide adsorbs arsenious aeid from 
soluti(tn ; •the 'extent of adsorption is djniinished by the pr(‘senee of 
sodium hydroxide, but addition of sodium chloride apjxm-s fo have 
no inlluem*(\^ It has thcrtforc been reeominende(^ as an antidote in 
eases of arsenic poisoning. Thc^amount pf adsorption is gi^ c iiMiy the 
(“xpression * • 

t 

when y afid x are the amounts of acid ^adsorbed and rem/iilung in 
solution r(‘speet4'ely. The following ^lata ttlustrale l)»e gyieral agree- 
ment betw('en the ealeulati'd and observed values of ^ 
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Ferric hydroxifle dissolves ^n fused sodium liydroxide/’ and, if the 
latter is present ip excess, 1/lstrous needles and lamelhe of eom})osition 
approximatii\g to 20F('2O3.32lL2O.?^bi2O are obtained. These diss#lv# # 
fn acids, and lAgin to lose water at 120° C., bteoming anhyth*ous* 
at dull red heat. The resulting product, 20Ft^2O3.3Na2O, resembles 
specijjar haynatiti' in a[)pearanec and is* conceivably a solution *of 
sodium f<Tratc* in fc^Tie oxide. IJy lp*ating ferric • hydroxide with 
sodium hydroxidip to 110° C.* a product rcsembI1%^ Goethite, 
FcjOa.Ha^), is obtained, but agaiif admi^sixi with small cpiantities of 
sodium oxjkle.® I •* n • • • • 

• . • * • • • , • . ^ 

* Ourtmaii and St John, Amer. Chem. Soc., 1012, 34, 0179 ; Hampe, Chem. Zentr., 

W89, 2 , 000. * Molisch, MeiU^ch. AVr/ot^ Jliw., 1913, 53, 02. 

* Thumseii. T-\ fmochcmi,stry, translated Burke (Longmans, 1908), p. 265. 

* Almkvist, ZeiUich. anorg. Chem., 1918, 103, 240. , 

“ Biltz, Ber., 1904, 37, 3138. See Boswell andTDickson, Amer. Chem. »Vf>c., 1918, 40, 
1793; Mecklenburg, Zeit^ch. pty.'tikol. Chem., 1913, 83, 609 ; Lockemann and Lucius, ibid., 
1913, 83, 735; Ixwkeiuann, Verh*40ed. deut. Nalurfor.^ch. %ertze, 1911, ii, 25 ; dLock^mann 
and Pauokft, Zeit^h* CHejn. Ind. KcMoide, 1911, 8, 273 ; Taylor, The Chemhiry of Colloids 
(Arnold, 19i5). • 

* • Jlouueau a^id Bemheim.tCowipl. rend., 1888, 106, 1530.^ 


* 

Ammonia is ^e* alkali 
c^en cart)onate deposits 
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FelriS hydroxide dissolves in|potfssiiim hydroxide in the presence 
of ozone, yielding potlssium porflrrate.^ 

On passing •a curjpnt of air into a hot, oonccntratcd solution of 
sodium hydroxide containing ferric|hydroxide in suspcpsion, an appreci- 
abje quantity ofgrpn passes into solution withoui colouring the liquid.* 
On standing for sc'veral days the liquid becomes turi)id owing to separa- 
tion of ferrifc hydroxide, byt is readily; elarilied again by warmiftg. * 
Probably sodium ferrate is formed in sdlutioii. * 

FA’ric hydfoxidc R naddy soluble in mineral aeid^ yielding the 
• con’csponding ferfie #alt, and in ferri(% chloride sohtion yielding oxy 
compounds whiel* are acidic in (heir beliiiviour, decom])osing ej^bonates, 
and can tlnTcfore hardly be termed basic chlorides.* It dissolvcs*in 
aqueous oxalic acid to an extenf ilittclly pro])ortional to the cpnccn- 
tration of the acid, no d(‘nnife ))asic oxalate being formed* at 25° C. 
from solution. ** It does not combine with carbon tlioxide when freslily 
prccipit4ited and sn^spc-nded in wat(T.^ 

It Tlissolves to a considiTabh* cxj(‘nt in a eonciiitrated solution 
of aluminiiftn sulpliatc*,'* yielding a brown sf)lution which may be 
evaporated to ^Iryness without dc-eomposition. Addition of water 
inducci^thc format ioji of a l\|isic salt, 311,0. 

Inasmuch as the majority of fewic salts in tin; crystalliju' state 
arc whitish/thc (piestion arises •.is to why ferric hydfoxide should be 
brown. l^rnc hydroxide can be obtained as a white jireeipitatc on.,., 
adding a freshly prepared and eoneefjjtraled solution of a fi*rrtc salt to 
cooled ammonium hydroxide solution, but it rapidly becomes brown — 
due, it has been suggested, to molecailar condensation (fl* aggi^gaflon.^. 
When kept under water for a year, ferric lu droxidi' changes in colour 
from brown to yellowish red. and about 30 per c( nt. Ixa-omes insoluble 
in dilute acids. ^ Possibly these changes are due to a similar cahsc. 

A miiieral having a composition corn^sponding to a ietmhydMe^ 
has been found as a.n in(‘lusion in limoniti' in Esmeralda 
Country, Nevada, whence the name EstncruWaiie (see ]). 11^. It is 
glassy and brittle, jmt po.sses.scs a yellowish brown streak. Its density 
is 2*58. A substance of similar composition •' is obtained when the 
voluminous precipitate of Jiydrated oxi^e, resulting-^from addition of 
ammonia to dilute ferric chloride solution, Vs aIIow('d,to dry in the air. 

4t m vitreous in appearance, bl;icl^*in colour when vi(‘)vedin mass, 
^Ithftugh thin seeti^ins appf’ar red by transmitteef light. ItTTll’hMl?/*^ 
2*436 at 15° C. Pres^sure does not decompose it, but it loses w^ter 
wflen placed in a desiccator.* # ^ 

Colloidal ferric hydroxide.- Ferric hydroxide* may be obtained in 
colloidal solution by adding 5 c.c. c/f 33 j)cr cent, ferric chhiridc to a 
litre of boiling water aryl r<miovin^ the chloride relnajning, ^together 
with the hydrochToric acid, •by dialysis. • *- 

* Mailfort, Compt. rend., 1882, 94, 860. * Zirnit6, C'Aew. Zeii., 1888, 12, .335. . 

* See p. 104; also Nicolardot, Ann. (J^ni. Phys., 1905, 6, H.34^ Weyman, J, BoeP 

Chem. Ind., 1918, 37, .3337. * 

* Cameron and Robinson, J. Physic^ Vham., 1909, 13, 1.57. 

Raikow, Chew. Zeit., 1907, 31, .5.5, 1^7. 

• Schneider, Ber., 1890, 23, i349 ; Anyialen, 1890, 2y, 3^9. 

’ Mcolaidot, Compt. rend., 1905, 140, 310. ik, 

• Tominasi lind Pellizzari, BuU. Soc. chim., 1882, ( 1 ), 37, 196. • * * • 

• Spiijngi Rec. Trav. Chinut 1898, 17, 222 ; Bull. Soc. chim., 1899, (3), 21 , 87. 

thifl serieiii Voltune L, ^p. 18~S6. • • 
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Another method consists in Boilirfe a solutiofc of ferric nifirafe with 
copper filings or zinc dust. The feme nitratefnecd not be specially 
isolated for the pur[) 0 ,sc, but may be made mefely as ‘an intermediate 
product during Ijic eoi*rs(* of the roiietion— if, % exampfe, iron filings 
containing copper* are trebled wirti concentrated imlric acid. After 
dilution and fill ration, the solution is dialysed, ^whereby a deep red 
lifjfuid is obtained, eontaining/’olloidal ferric hydroxide.^ 

By saturating a solutiiai of ferric chloride vvith ammonium carbonate 
and purifying tlu' soluljon thus obtained by dialysis, ferric hyefroxide 
is readily obtained in the colloidal state, ^ or by •dialysing the solution* 
obtaincfj^by adding ammonia ^to a solution of ferric chloride in such 
srtiall ijuantities at a time that the jerrie hydroxide at first thrown out 
is cory))le^ely dissolved on stirring. • ^I’lic ejear, dark brown solution so 
obtaiiK'd scarcely tastes of iron. The Vist traces of ehlorine^are not 
removed in this w'ay, although tlu* colloid is frei' from ammonium salts.^ 
When a 10 ])er cf'yt. sofution of ferric chloride i^ poured iido excess 
of ammonia, the colloidal IVrrie hydroxide initially produced is coagulated 
by the ammonium chloride. On cva])orating to dryness 'and w'ashing 
with water, the ammonium salt w'ashes out, and then tlig* ferric hydroxide 
deflocculatcs, passing into subseipieift w'ash wattTs as a rc'd ^olloidal 
solution.'* • ^ 

On addition^of a dilute solution of jiotassium |)ermay^inate to one 
of ferrous ehlorich', and subjecting to dialysis, the pure eolloid^d hydroxide 
is readily oblained.'’* The sol i>^*also olilained by oxidising a solution 
of ferrous chloride containing oru* gram (‘(piivalent of f'eCl., per litre 
wifli a^l per ^lait. solution of hydrogen peroxide*.” 

The colloid, as usually pre])ared, is eh'ctro-positivi' in character, 
and may be ]>reeipitated from solution by electrolysis, by the* addition 
of sutUll ({uantities of electrolytes, or by the action of an op])ositely 
charged cejlloid. such, I’or (“xample, as (negative*) arse'nious^ sulphide, 
whereby ^he t we) ch'e-trie'al charge's neutralise* e-ach e)theT.’ Tlu* smaljest 
(jiiaiititie-s e)f a lew ele^’treilytes re'ejuiirel te) pret'ipitate* e*e)lloielal ferric 
hydroxide fron^ seiluliem are given in the* feillowiug t^ible* ^ 



(’oneeutruti#!) in 


Concentration in 

Klectrolyte. , 

Gram-m<)b>cule.s per 

Electrolyte, 

Gram-tnoli'C'ules jK*r 
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1 
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0 00020 
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Mf-SO, 

■00022 • 

NaCl 1 . 

1 « 

1 •0092.'5 • 


• . 00019 

iBaCL . 

1 '00901 • 
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* <Colien,^t/. di/efr. OAow. 56, 19e « • • ' 

* Dumansky, J, Russ. Phijn. Chein. Roc., 1904, 36 , 1007. 

•. » Wobbes Chem Zentr., 1900, I., 105. t 

‘ Kratz, J .~lmys\cal Chem., 1912, i 6 ,,^ 20 . Sec Wright. Tram. Cham. Roc., 1883, 

43 . iSs. " • , , 

‘ One gram equivalent of KMn 04 in 600 o,c., and one gram equivalent of FeCl* in 
1000 c.c. Dilute to 2000 0 . 0 *. Neidle and Croiubie, J. Amer. Chew. Soc., 1916, 38 , 2607. 

* Neidle and Barab, ibid., IVli?, 39 , 71. * • * 

’ W. Biltz, 1904, 37 , 109#. Billiter, Zedsch. physikal. Chem., 1905, 51 , 142. 

^ See Hardy, Zeitsch. phyeiikaL Chem., 1900, 33 , 385 ; also Pappadk, Zeitsck, CMm. Ind, 
iKoUoidt, 1911, p, 233 ; Freuaeilioh, ZeiUch. phyeikaL Chem,, 1^, 44» 129. 
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Fr<3m*the aboye it u clear that.it ist;he negative ion which influences 
. the precipitation most.lhe dival^ni ions being considerably more effective 
than the mono\1ilent. \ 

Non-electrolytes, even in eonc^'iitratcd solution, have usually no 
action on the coH 4 )i 4 l. * • • * 

‘When the colloidal solution is boiled wifh Fcliliiig's solution (made 
by mixing copper tiutjdiale^and alkalii)^' sodium potassium tartraite 
solutions), the colloid is precipitated alrtng with eiiprdus j)xideJ 

It hi possibk'also to^m'pare colloidal ferric h^alroxidc' with a negative 
charge. This may h^ done by adding^slowly 100 o.g. of O-Ol -normal 
ferric chloride*sofution to 150 c.e. of (J-Ol -normal sodium hydroxide, 
the mixture being continuously shaken during tlu' process. ^ • 

Ferric hydroxide is not miiqu(‘*iji this res})eet, for stannic hydroxide 
has likewise been ])repared hoyi as a )a)sitiv(‘ * and a neglitive^^ colloid. 

Negative colloidal ferric hydroxides may l)e* e*e)uverte‘d into the posi- 
tive eolh)id by aehlipg it to a veTV elihite se)rtitie)i^#>f soelium hydroxide 
(0 005-rte)rmal) with c‘onstant, shaking^ In orele r to ae-e-oimt for this 
am])hi-el(x*ti'Teal behaviour, it is snggesteel that the potenti.'il difference 
at the surfae-e* e)j^ ce)lloidal partie'h'S is due te) adsor])tie)n of ie>ns fre)m 
the solutieju. Ile iiee the sig^i de pe'uds if])e)n \\hether e‘atie)ns or anions 
are in excess in the layers neari'st the partiele\s.^ 

The ee)miJr)sitiou aiiel nature* of pre e-ipitateel ferric •hydroxide have 
been made .tliT e)bje*e*ts e>f eeinside'rable* researcii. Wlien pivcipitatcd , 
from aque‘e)us solutions the hydre)xide ^saitains \ery varying eitiantities 
of water, and the pre>blem has bee n te) de te rmine* in what manner tiiat 
water is assoeiate*d vitli the* e*omplex. This has be e n aftem])tt'd ift a 
variety of vays, sue*h as by measuring the* rate* e)f elehyelration at 
ceenstaut tempe*rature* ; by studying I he* elehyelratie>u at differ(*nt 
lcm])e*raturc*s ’ ; b}" elete*rmming the* va])our pre ssure s eluring el^liydra- 
tion,^ e*te>f' A particularly useful metheeel is tlwit eef j^'e)e)te* and 
Saxton,**^ ^\hieh ceinsists in fre*e*zing the j)re*e*ipitate* at le>w te nipe'ratures 
anel calculating the epiantity e)f water physieeTlly attaehe*el ty it 
e>bser\ ing dilatometrie*ally the •change* in veilume* unele-rgeine in consc- 
(juence e)f the expansion e)f this water in foruTing ie*e*. If, in the case 
of ferric hydroxide*, this amount is subtr^ie*te*el from the te>tal amount, 
as determine*d by finally heating to redne ss <Viel we ighiijg the; anhydrous 
* fitrri'* oxide, FcoOg, the differene*e* gi\^es Hie* we ight eif water ehemically 
«(jmli!ned. * ‘ 

^Duraansky, he. caL • ^ 

* Powis, Trans. Ohm. Soc , 1915, i<^, 818. See alucj Biochhn, Zntsch., 1910, 

27 , 223. . • . ^ - 

* Glixelli, Kd^nd Zeitsch., 1913, ij, 194. « 

« Biltz, Her., 1904,^7, 1095.# , • 

® Powis, loc. cit.% (%mparo Pairti anel Maetula, KoIUmK Zrit^h., JHW, 21 , l9. 

® Ramsay, J. Ciem. Soc., 32 , .'lO/i; Tsftlie^nj'Ak, Znlsch. phjfsikal Ch^m., 1905, 
53 , 349; Zcilsch. anorg. Chem., 1909, 63 , 230, Monam., 1912, 33 , 1151. * 

’ Canu’lley and Walker, frayis. Chetn. Sy^ , 1888, 53 , 59; Baikow, Kolhid Zeitseh .,9 
1907, 2 , 374. * • 

* van Beminelen, Zeitsch. ammj. Chetn., 1893, 5 , 407 ; 1897, 13 , 233 ; 20, *186 ; 

Zsigmondy, Btfchmann, and Stevenson, i^</.,1912, 75 , 189 ; Barhraann, ibid., 1913, 79 , 202 ; 
Anderson, Zeitsch. physilcal. Chem., 1914, 88 , 191. 

* Sc# Foc^, J. Amer. Chem.^Sor., 1908, 30 , 1388 ; ijWullor Thurgau, from Fischer, 
Beitr. Biol. Pjiain., 1911, 10 , 200, 232 ; Fischer, Bhche.n. Zeitsch., 1001 ^ j|, 58 ;»1909, 30, 
143; KoUoi% Zeitsch., 1911, 8 , 291 ; Beitr. Biol. Pflam., 1911, 10 , 133. 

Foofe and Saxton, J. Avier. Chem. 80 c., 1916, 38 , 588^ 
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' ^ 

Applic'atioii of certain of th€sc methods, and pai;ticulary the last- 
named, to precipitated ferric hydroxide, indicates that its contained, 
water is present in thr(‘c ways, namely : — / 

(a) Very loosely attached, wli^ch readily freezes <?ut at about 

-5" C. ^ ' . . • 

(b) More' inliinnlely assfieiated witli the precipitate, and considerably 

ifiorc dillieult to remove. It is known ajS capillary tvater and requires 
a temperature of 'the order of C. to effect its complete removal by 

freezin^r. ^ ^ ^ ^ 

(c) ('hemieal(v eomhined. iThis amount eorryspOnds to the formula 

lIoO for the hydro.>hide.‘ < ' 

' Attempts to detcTminc tlie molecular weight of colloidal ferric 
Jiydroxid^^' lead to \xTy liigli va'fu^s. Thps, a colloidal solution pre- 
pareu by addftioii of ammonium carbofciate to ferric chloride solution 
was jHirihed by dialysis, and tlie freezing-jioint determined of that 
portion whieli wou<l(| not' ])ass through a collodipn membrane. The 
point was only slightly Iowct tjian that«of the lilt rate, indicative of a 
molecular weight of .‘JI20 for the colloid.^ 

A result of this kind is uncertain, how'cver, owing tjO the exceedingly 
small difference in tem|)erature to be*regi:itered. Thus Kraft ^ found a 
colloidal S(hiti»)n containing per ce nt, of ferric hydroxide', and 0'098 
per cent, of ferii-c chloride' froze at a tt'uqK'rature witliin oit)01° ('. of the 
freezing-])oint e)f pure wate'r. Other investigatcjrs ^ ifawe sometimes 
obtuineei negative and at othe'i* tjmes positive differences in the freezing- 
points. 

‘“Siitlilar dillie'uHie'S are encouidcred when atte*mpts are made to 
determine' the* me)leeiilar weight by mc'ans of measurenu'iits of the 
osmotic pressures of c'olloieial sedutions,^ the observed pressures being 
excoe^lingly small, thus ifulicating a high mole'cular w'cight, but one of 
uncertain .yahu'. 

For partic'ulars of further researches on colloidal ferric hyelroxidc 
Uie reja^^ler is rcfe rreel te) the' subjeune'd re ferences.*' 

The heat e)f coagulatie^n of ceheddal 'ferric hydroxide with potassium 
oxalate has been studicef by Doerincke'l.'^ 

^ Foote and Saxtijn, loc. cit. ,,This value in siipport<‘d by the earlier results of Ruff 
(JScr., 1901, 34 , ll-iir), who foumt that ferric hydroxide, afte'r freezing at - 10 *^ C. and 
“186® C., lend the coni po.sit ion Fe.j 03.4 2 'ljJ.,(). « 

«:.»-i^Ji-triTreu?ky, Zt'Usrh.'Jhvm. Ivd Kolloide, 1911, S, 232 ; J\ Rms, Phys. Chm, Son., 
1911, 43, 640 ; Duclaux (,/. ChiM. (>hys,, 1900, 7 , 40.6) found .. molecular weight of 115,000. 
Kraft, Jkr., 1890, 32 , 1008. 

*sMaltitano and Michcl, Compt. rcml., 1000, 143 , 1141. 

^ See viui dei^ Fcon, Citem. Weekblad, 1910, i-^, 4.53, 

® Carli,/Zea'tvr/i. plu/.^ikal. Chon., 19 1£, 85, 20i{ ; KnrilotT, Zeitsch. ayorg. Chem., 1912, 
79, 88; Michel, Conrpt. rend.y 1008, 147, 1052, 1288; Mallitano and M’chel, ibid., 1908, 
147, 803? 1908, e!:46, .338; 10(17, la*;, 185, 1276; Oiol.tti, Gazzrlta, 1908, 38, 11. 262; 
Foote, J. Ay>ier. Soc^. 1008, 30, 1388 ; A. MuIler,'’^f»/#fA. anorg. f^kern., 1908, 57, 311 ; 
Duufansky^J. Phys. Chem.aSoc., 1007, 59, 74.3 ; 1900, 38, 696 1906, 37, 213, 602 ; 

Fischer, H^iliiatiom-achrijt, Breslau, 1907 ; Oeehsuor, Dull. Acad. roy. Belg., 1907, p. 34 ; 
QioUtti, (Jazzelta, Ij^6, 36, if. 157 ; Giolitti 1 ,nd BattistI, ibid., 1900, 36, ii. 433 ; Duclaux, 
Cemvt. n'nd.,JJ^, 143, 200; Malfitano, Q.mpt. rend., 1000, 142, 1277, 1418 ; 1906, 143, 
171; 1906fT4i, 660, 680, 1245; Tribofc and 0hr6tien, Compt. rend., 1906, 140, 144; 
linder and Picton, Trans. Chem. Soc., 1905, SV, 1918 ; van Bemmelen, Zeitsch. anorg. 
Ohem., 1899, 30, 185 ; Dec. frav.Chim., 1888, 7, 106 ; E\van, Proc. Boy. Soc., 1894, 56, 286 ; 
Schneider, Anmlen, 1890, 257, *%9 ; Sabane^ff, J. Buss. Phys. Chem. Soc., 616 ; 

Grim&uxr Comp.^reni!i., 1884, 98, 106, 1485, 1678; de la Source, Co/npl. rend., 1880, 
90, 1362. , ^ 

Doerinok^k Zeitsch. anw^. Chem., 1910, 66, 20. ^ . 
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Ferrifesy MFeOj. 

Ferric oxide unites Vith many bases to ioxw^ ferriUSy to which the 
general formiAa MFef^t given. Thy free acid HFeOg 

possesses the saiiRj •empirical formula as tjie monohydratc of ferric 
oxide, FegOg.ligO. , • ^ 

Ferrous acid, IIFedg, is t)l)tained Wy the aetipn of water on 
sodium^ ferrite, ?^"aFeO.,, Jt has the same crystalline form and trans- 
parency as the sodium siilt, but differs fron? (io('thit(* in that it 
i^'gins to lose water Ifelow 100" C\, \fltereas (hxthftt' is stable even 
at 300" (\ • • • 

Calcium ferrite, Ca(Fe02)2, is l^i^Tijed as dec'p red or nearly blacU 
crystals - by heating togelh<‘riferric i^iide and ealeium oxide. $ • 

It alsy results on adding lihiewat<‘r to a neutral solution of ferric 
chloride and igniting the resulting brown precipitate'.'’ It appears to 
dissoeiab* at its mcilting-point. A l)asie ferrit#,* C’a(Fe02)2.Ca0, is 
j)rodueed as black erystids on heating Ihn ly powdi'red ferric oxide and 
calcium carbonate* at tem])craturcs considerably below 1385° C. Three 
other basic ferrilt s have lu'cn dcscrilxid,'^ namely Ca(Fe02)2.2Ca0,^ 
2(!a(FeO^)2.('aO,^ and 3('a(Ft*02)2.2Ca0,‘'^ but the existence of these 
has been disputed. • • 

Cobalt fenlt^, Co(FeO.>)2, is obfained by addition of normal sodium 
hydroxide soTutioii to a mixed solution of cobalt nitrate an^ ferric** 
chloride*, and igniting. It is a l>lack p(*w’d(‘r, magnetic when cold, but 
non-magm;(ie abo\'(' 280*^ to 21)0° F." ^ ^ ^ 

Cupric ferrite, (’u(Fe02)2 is obtained ^ by adding black copper 
oxide to neutral ferric chloride solution, and igniting. It also results® 
by heating eopjier oxide and ferric oxide to a high temperatur/*. the 
lV*rrite being separated from uncombined oxide by making use of its 
density and* magnetic properties. It is strongly magnetic. • ^ * 

(^uprous ferrite, C'uF('02, occurs in nature us^Ik; mine ral dclafimite 
(see p. 20). It is not niagnetie*, Js e'asily fusible*, and re'adily soluble 
hydroelilorie or sul|4iuric acid. * The#e'rystals are* te'tra^inal, }>ossibly 
isomeirphous with the soelium .salt.’” It is obtained artificially by 
melting togethe'r e*uprous anel ferrie* eixielfsjn a e*urreht of nitrogen. 

It then results as a crystalline mass, faintly i^agnetic.’^* 

• • FeProus ferrite, Fe(Fe()2)^, is meire* commonly kjieiwn a«tomv^f| yji t(*, 

]\{agnesium ferrite, Mg{Fe*P2)i' occurs in nature as wagnesio-ferr^e 
(see p. 15) anel crystallises in the enibic system. It piay by ])fepare*4 in 
crystalline form l^ylieating fe rruj^inous yiagncsia te> redness in i\curre*nt 
of air and hyelrtigeii chloride.* It also results whepi sodiiyn or po'hissium 
hydroxide is a*ddee^ to a si()Iutfe>n of mag^icsiyrn sulp^aUi and* ferric 

^ van Bernmelen and Klobbic. J, praR eiA^m.,*1892, 12), 46, l97. 

^ Sosniari and Morwin, ./. Wamhujton Amd. Sci., lOK), 6, r>.'j2. 

3 bi.st, 1S78, II, ir)12.* , 

* Hil|K*rt and Kohimeycr, Hvrf, 1901), 42, 4.^1. 

*' Campbell,./. Ind Kt}‘j. ('hem., IlMi}, 7, 8.3.'>. 

» CampU*II, %id , 1911).' ii, ll<>. » 

^ Klliot, Mmj/Ktir Conihnirdiom ((iottin^en, 18ei2) ; llilj)ert* Btr., 1909, 42, 2248. 

® Listf.6^’r._187H, II, 1.512; HifjKTt, ihid., 11K)9, 42, 22^^. 

* Walden, Amer. Chein. Sue., 19^)8, 30, 1350. 

Eogern, /brier. J. Sci., 1913, (4), 35, 290. 

Hilpeil, Ber„ 1999, 42 , 2248. 
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J 30 • IRON AND ITS COMPO^iS. 

chloride, and the precipitate i^ited.i It is then obtained as brown 
magnetic powder. ♦ r ^ ; 

Nickel ferrite, ^^(^'^^ 02 ) 2 , is obtained oiy addition of potassium 
hydroxide to a mixed soJution of m nickel salt^and ferrifi chloride,* and 
igniting. It is. a *br<)vvn substance, strongly magnetfe. 

Potassium ferrite, KFe 02 , is prc})arcd in ar\ analogous manner to 
1 :he sodium salt (vide Uifra), fhut cry.stallcscs in'^rcgular octahedra.^ 

Sodium ferrfte, NaKc Oo, is*ol)tained ^ by.cgjitinucd heating of ferric 
oxide in coipci'ntrati ch sodium hydroxide solution, and by heating ferric 
oxide ^vith I'ustd sodium caiiifuiate or chlorkk. ^f'he salt crystallis^gs 
in hexagonal plates, which, w^ien treated with water, yield ferrous acid, 
'HFe 02 . 

ferrate, Zn(Fe 02)2 or l^ne).Fe 20 ^, occurs in nature as frank- 
linite (sec p. I t) and may be artificially prepared in the laboratory in 
a variety of ways,^ sucli^ as by fusing an intimate mixture of the sul- 
phates of sodium, iinv, and fiTrie iron at eherry-re/l heat, and I'xtraeting 
the melt with boiling water. Any basi^ zinc sulphate is remciVed with 
dilute acetic acid. Crystalline zinc ferrite also resuirs when zinc 
chloride is heated in moist ijir with ferric chloride f a* liiematite. The 
zinc chloride may be replaced by tlu' eorres|)onding lluoride.‘\ 

As obtained by these me,t*iu>ds crystalline zinc tVrj'iti' closely re- 
sembles the n'atural frauklinite. If crystallises in rtgnlar oetahedra, 
,^mall crystals being reddish brown and translucent, whilst the larger 
ones at’c opaque. Their hardness is 0-5 and density the corre- 

sponding values for the mineral being II- 5-5 to 0 5 and I)— 5 to 5-2 
respectively” The crystals are not magnetic, are resistant to heat, and 
arc but slowly attacked by acids. The natural mineral is magnetic, 
but this is attributed to inqmrities.^' 

' ' Ferrates, AUFeO... 

Ahhough the dioxule FeOa has not been isolated,’ certain conqiounds 
of it with basje metallic oxides ai^e kmfwn, and designated as ferrates. 

Barium ferrate, IlaFeOa, is best produced by heating a mixture of 
ferric and barium hydroxidvs to 000 C. in a current of oxygen.® It is 
a friable, black, amorpliofis subslanee, stable up to about 050° C. Cold 
water (}^oqi])Oses it slowly, warni water somewhat more rapidly, with 
of oxygt^i. Acids readily cffeH its dc^’om posit ion, yielding 
l^rium and ferric salts. ,^f hydroelilorie acid is used, free chlorine 
aryd oxygen are simultaneously liberated. 

' LiH< Be)\, lS7f<, II, ir)l2. 

* List, loc, ca. ‘ 

* and Klol'bic. cit. ^ <- 

* SohaffgotsChi Pofjfi Annaten, 18.37, 43. 117 ; i^alm Hor8tniar,V. prakt. Chem., 1862, 
5^ 349 ; ,van B^diniclen and Ki^obbioiV. pt\tkt. tlher/t.,dSd2, {2), 4^, 497. 

* Ebelmen, Ann. Chim. Phys., 1851, (3), 33, 47 ; l)aubr<*e, Compt. rend., 1854, 39, 136 ; 

List, Ber., 1878, 71, 1512. ‘ c 

i. • rend., 1887, 104, 

’ Sec Mertichot and Wilhelms {Ber., 1901,(34, 2479; Annalen, 1902 ,^ 325 , 105), whose 
cxiioriinonts suggest the formation of Fo^Oj. Tho action of liydrogou iioroxido on femms 
chloride, ferrous or ferric nydjoxide, or ferric chloride rpBults in the formation of a pale 
red substance which is very bistable — so much so that its composition oannol be estab- 
lished tith oftjtwnty. It may He FeOj (Bellini and Meneghini, Qazzettti, 1909, 39 , L 881 ; 
Zeitsek. anorg. Chem., 1909, 62 , 203). u 

, • Hoeser evnd Bwok, Ber., 1909, 4 a, 4279. . 
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Stro&dum femte, &FeO,, is produced by evaporating to dryiiess 
^ mixed solution^ of ferric and strontium nitrates, and heating in a 
current of oxygen to a\ temperature not exceeding 600 ° C. until no 
more oxides or* nitrogen* are evolved.* It is also pr^uoed by suspend- 
ing freshly prceipifcated ferric hydroxide in % concentrated . solution of 
strontium hydroxide, and heating the resulting brownish precipitatg 
to 800 ° C. It Vesembles the barium salt. • 


^ Perferrates, M^I^e 04 . 

Attempts to* prepare iron trioxide have hitherto proved aifeortive, 
but compounds of tliis oxide with l^i^sic metallic oxides are known, ancT 
designated as perferrates. * • ' ^ 

Barium perferrate,- 13aFe04»H20, is obtained as a })urpli; preeipnaie 
on addition of barium chloride to a solution ^>f the calcium salt “ or of 
barium chromate to solution of sodium perferrates 

BaritTm perferrate is the most stable salt of tlie series. It is in- 
soluble in w'<ft.er, and its suspension in water may be boiled without 
decomposition. U is practically unaffected by dilute* sulphuric acid in 
the cold. Apart from this it isircactily attacked by acids, even carbonic ; 
dilute hyTlrochJorie or nitric y.eid decomposes it instantly, yielding salts 
of barium andtiron.^ When treatdl in the cold witli vei^ dilute hydro- 
chloric acid, ^Hiforine is evolved and the solutioji assumes a red colouj^ 
probably due to the presence of the 4^04" ion.*^ Acetic acief reacts 
similarly. On boiling, the solution evolves oxygen, and becomes 
colourless. * * 

The composition of barium perferrate is proved iodomctrically by 
means of the reaction ^ 

Vf 

2BaFcg4 + 8Kl4 16HCl-2BaCl2 f 2FeC 8KC1 i 8H2O j 4I2. • 

• 

Qalcium perferrate, CaFe04, is obtained by adding ferric chloride 
solution to bleaching po^vder, and boiling.^ It is soluble in wateA^ •• 
Potassium perfen^te, K2Fe04, may be prepai’cd in a variety of ways. 

It results when chlorine acts on ferric hydroxide suspended in potassium 
hydroxide solution : — • , * 


. , 2Fe(OIl)3 I 10KOH+8Cl2=2f\2^'^O4-f OivCl I SIW. 

ITic clflorine in the aSovy reaction may be replj^ced by ozone ** or sodium** 


hypochlorite.® 
On adding j 


On adding a piece of potassium hydroxide to feryic chh^idb solution 
in a test-tube, togt*ther with a h<w drojs of bromine, a brown, mass is 
obtained which dissolves in tVater, yielding the i^itcns(f j*cd colohr char- 
acteristic of potassium perfmafe.^® • • 

Potassium perferrate crystallises fVom the*warnk softitTon in micro- 




‘ Moeser and Borek, Ber.* 1909, 42 , 4279. 

• Rose, Poffff. Anmlen, 59, 315. • 

• Bloxam, CAem. News, 1 880 , 54 , 43. *• 

• Koaell, .L Amer. Chem. Soc., 1895,^7, 760. 

• de Moiliujs, Ber., 1871, 4, 626. 

• Baschieri, Gazzeita, 1906, 34 »• 282. 

’ IStit inMuble, as stated by Fr^nay. 

• Mailfert, C<mpt^ rend., 1882, 94, 860. 

• Foi;jte% ijer., 1879, 12, 846. 

Bloxam, CtunH. Nem, 43 ; Moeser, Arch. FMkm., 1805, 23J, 521. 
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scopic black })risiiis or shai^jf pyramids, and^ is .isomorpliotis with 
potassium suIpJiatc, sclcuatc, and chttomate.^ I The solution is stable, 
and may be kept idj* days without decompe^ition,^ particularly if a 
smalJ {[uantity.of a mineral salt ^ present. J^cids, am/noniacal salts, 
and I’eelueinM' a;^eilts rt'adily effect ^ts deeompositioiif * 

Sodium perfeirate, iSaoKeOj, may be* ]>repared in an analogous 
fnanner to the j)otassiinn siWt already (4‘serib(^d,^ It ako results when 
I'errie oxide is luVed willi sodiAm peroxide aiul the cooled mass treated 
with ice. Sodium peri'cTrate* then passes into solution.' 


Strontium p^‘ffc^rate, Srl'iO^, is obtained hy (tojible decomposition 
of the <^aitassium salt ami a«salural(‘(l, neutral solution of strontium 
^)romidi‘. The pri'cipitate is Avashed Avilh alcedud and ether. Obtained 
in this i^iaimer, IIk' strontium feViv.t(‘ is m^>t jAure, but eontains admixed 
iVrrie oxide. It is deep red in eolom^ slightly soluble in Avater, and 
rt'adily decomposed by acids. It is useful for [Aia'pariiig acpieous 
solutions * ol‘ the rraL's of the less common alkali metals* litliium, 
rubidium, ea simn of (sdeiiim dind mageesium. ‘ 


IIlONrANI) .SIILPiniH. « 

Subsulphides. Se\(ra.l siij)^)ose(lly sid)sulj)|ii(Ies of iron fiav e been 
described IVoiiftime to (ma, namely Fe S,-’ Fe^S,*’and Fu^S,. The last- 
,^iamed is jirodiieed wlu'ii iron is lusited in an atmosjib're of carbon 
disulplfuh' \apour, at IdOO' to J-IOO" ('.. and allowed to cool in the di- 
sulphide Aiipour.’ It is a. erystallim' body of density G-0(j. and soluble 
in dilute lAiiural acids evolAing hydrogen sulphide and hydrogen. 
It does not alter when exj)osed to air, and is oxidised only with 
dilliculty. 

liitrrous sulphide, FeS, occurs m nature as the mineral froilife (see 
f). 2;i), which is fcaiiid in nodules in llie majority of meteorites containing 
iron. tVhen erystallim* it a])pears to behnig to the hexagonal system, 
^pid 4is prohulily bi'in formed in the presiaus' of excess of iron.^ It 
may be obtained by Urn dins't imion of iron aiuKulphur at r(>d heat. 
If the iron is in the form of lilings and is intimately mixed Avith 
the sulphur, tke mass beei^mes ineandesei'id when once tlu' reaction 
has been start(*'(l. Syntli^tie iron disulpliide, heated aboA'r 700"’ C., is 
eon vert aJ.i.i 2 .to ferrous sulfihidc*.^^ , « ^ 

aTHi'II iron pyiiKs, beS.,, is lu ated to 'bright iirdness in the adiscnAJ'c 
of air or in hydrogen, d yi^'lds ferrous sulphide.'^' In crystalline form 
ferrous sul]Ahi(le is produecal by passing hydrogen sulphide over ferrous 
oxide at hiifn temlx ratures " or over metallic iroK at dull led heat.^'* 

^ Rrtgors, 'AcitsHi. phfffiiK il. ('lit in., I»»32, lo, , 

« Doi^jiam SVtuy.i’s s(rtt(nu|‘.nt (l^lnl. Mat/., 1843. (.3), 23, 21'J) that it turns green on 
8ttg:iding is incobret ./! ('liYni. Soc., 1805. 17, 700). Smith was misled by 

his solutioii contfhiiing mnngumiHo as iVn iin|»iirit3i) * « 

* Rost'll, lac. nt. • 

* Eidmaun nrvl Moo.ser, Bcr., 1003, 2642290. 

t® Arv^'ii»‘tn, Ptygg. Annalvn, 1824, * 

Jbitl., F SOO. 

‘ (taiitier and Hallfiin'^ii, ('ompt. read., IHKl), 108. 800. 

** binok, 7?< r., 1800. 32, 88 f. 

* Godtd, i'hcm. Zentr., lOOfli. II., 4 45, frmn J. Otisbeh urhtang, 1005, 48,»400. *’ 

Roa^} Pogt). Annalev, l‘825, 5, 533 ; Plattner, ibid,, 1830, 47, .300; Schaffgotsoh, 
ibid,, 1840, 50, 533 ; Loclio and Becker, Zeikeh. anorg. Chem., 1912, 77, 391. 

^ u Sidot, C^mpl. rend., 1^08, 66, 1267. Lorenz, JSei^, 189b i4,*1604. 
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If iron wire is used e3^f)osed in a bundle to the hydrogen sulphide, it 
readily becomes encrusted with tiny crystals, sih er-white in appearance 
when first prenared. Tjjc crystals ^ are r(‘gard(*(] as belonging to the 
hexagonal system. ^ 0 

Xh(‘ same rc aefiDA appt'ars to tak<! place at tlie ordinary temj)crature 
when iron and sidj)Jmr are brought into eontaete under i-normous^ 
pressures, nanlely of the on^ r of 0.500 «:ilmos|)hc‘r(‘s. 'Dk' product 
resembles ordinajy fl‘rrou^^ sulpliide in tlial it is lioifiogi ueous under 
the microscope, and evolves a continuous stiHan^ of hydn^giii sulphide 
\Wicn immersed in ^liluk* sidphurie acid. 5 • • » 

Ferrous sulphide* has a bluish black a)ip(‘aranee. re'ininisf'entiof that 
of magnetic oxide, but it is not nu^netie. Density t 07. It is stablef 
when heale d in hyelre^gen e)r*in the i,bse*nee of afr, but when he‘atg[l in 
air it readily e)xidises te> ferroits sulphate, whilst nl reef luaf all the 
sulphur is e'xpe'lle'd, reel ferric oxide remaining. 

Whence xj)e)seel to*steam at re'el lu'at ferrous sulyhieh* is eleee)inpe)sed, 
yieldinghydrogeii, hyelrogtm sulijdiide', and f(Tre)so-fi‘rrie c)xid(‘.’‘ 1'hus : ™ 

^;jFeS h4ll20 -^.Fe,0i I ;HLS | II,. 

At lnghe '4 temperatures sulphwr diAxide* anel sulphur are* alse) formeel. 

Wiien heati'el in a eurrei^t e)f chle)r«ie, feme e-liJuriele* anel sul[)lmr 
chloride distil f)ver.‘ * • 

When hcaPeel in a sealed tube at 150*^ te) 200 ’ C. wilh Ihionyl ehlen’ide^ 
ferrous sulphide is oxielise'd to ferric chl^riele. Thus: --'^ ^ ^ 

OFeS 1 lCSO(l>-0Fe*Cl.,-|-8S(),-l TSoC’l,. 


Ferrous sulpliide is re*dueed when he*ateel wilh manganese, yielding 
metallic iron : - 


FeS [ Mn MnS i Fe*. 

the reaction being exeithe rmie. This re*ae*tion is of great* prae*! ical 
impftrtance in connecti€)n with the* de*sulphuris.i4ion of steel.'’ Liejuiel 
ferrous sulphide freezes at 1171'U’.,^ and me lts a! 1 1<S7 ' C.^ Tlfe* heafT 
of formation eif ferrous sulphiele* lTe>m ire>n*and suljTliur has been 
determined as 

• 

|Fe] j-[SJ - |Fe*Sj 1 2^,070 eVleine's.^' • 

[Fe^l -I |S|-jFeSj j- V1>*00 calorie's.'" 

When heated to abeTut 1.^)^ F., both <»relrtiary commcicial ferreius 
suliTliidc and inetee^ric troilite*underge) a [)e?lyme)r[)hic change^" anel, (^n 

' Groth, see Lorenz,* /oc. cil. , Jnnek, JU r., 189!), 32, 881. * 

® Spring, •1883, i6, 991). • * •, 

** Gautier, rend.y 1909, 142^ I40o ; •DOl, 132, 189; Tu^ntiull, Ah7l Chim, 

Phjs.y 1836, (2), 62, ‘ * 

* Rose, Pogg. Annalen, 1837, 42, .'>10. * • 

® North and Conover, J. A)ti&r. Vhmi. <Vdh., lOT.j, 37,f2486. 

® See this volume, Part Jll# • 

’ Friedrich, Metallurgie, 1908^5, 23, 60 ; 1#07, 4, 479. • 

® Blitz {ZeiUsch. anorg, Chem., 1908, 59, 27t^ lieated precipitated {orro»’‘< sulphid^ in 
nitrogen and oljtained the value 1197° • * 

• Parravano and de Cosaris, (inzzdta, 1917, 47, i. 144 reduced iron). Berthelot 
found, for the precipitated sulplih^; 24,000 calories, and Thomsen 23,780 calories. 

Mixter, A^ner. J. Sci., 191.3, (4), 36, 66. • 

Le Chatelier and Ziegler, BiiU. Boc. Encouragfmenf I ml, 1902,* p. 3i8 ; Tfeitschko 
and Taminaifti, Zeitsch. anorg. Chem., 1900, 49, 320 ; Rinne and Boeke, ibid., 1907, 

S3, 338. 
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cooling, a break in the cooling cifrve is observed at this point. Sy(nthetic 
ferrous sulphide which docs not contain any excess of free iron exhibits 
no such break, although with 7 per cent, of^frec iron the transition 
point is very njarked at 138° C.. jjnd further a(ldition of iron docs not 
ehang(! it.‘ It .appears, therefore,* that the execss*fif* iron catalytigally 
assists the ehangu in the Vase of synthetic ferrous sulphide. Troilite, 

6 n the other hand, docs n(*t contain excess (M‘ iron, hbt possibly its 
carbon content IK'haves eatalytically in an analogous manner. Ferrous 
sulphide', sti(])le at ord^iary temperatures, is thus known as the a variety, 
that above 130°^/-'. being termed the ^ variety. 4Vh(,'n heated to 298° 
a second ])olymoT*phie transfownation occurs.^ = 

As ordinarily })repared, ferrous sulphide readily dissolves in dilute 
sulpjmrie or hydroelihSrie acid, t^^vlving hydrogen sulphide -a reaction 
that afffirds a eo)\venie?\t laboratory ‘ method of preparing the gas. 
When })ure, however, ferrous sulphide dissolves extremely slowly in 
the cold acids. Tile; presVnee of free iron acts as,.an accelerator of the 
reaction, Iht' nascent hydrogen produeed-by its solution in aeidVffeeting 
the reduction of the* adjaeertt particles of ferrous sulphide to hydrogen 
sulphide and metallic iron.’* ♦ 

Hydrated ferrous sulphide, FeS.Aq., is readily obtained a« a bulky 
black prc'cipitate on adding an alkali sul))hid(' to a solution of a ferrous 
salt. If a ferrk* salt is employed, it Is reduced to tin* fewous condition 
^ith simultanc'ous precipitation of sulphur. Thus : — ’ 

FeClj - 1 - (NII^).,S -FeS d- 2 NII 4 CI , 

^ 2FeCl3-|-3(NH^);S-2FeS+6NH^Cl-fS. 

Hydrated ferrous sulydudc is slightly soluble in water, yielding a greenish 
solution. From electric conductivity measurements its solubility has 
becr^calculated ^ as 70«1 xl 0 ~'‘* gram-molcculcs per litre. 

^ herrous sulplpde is insoluble, in aqueous caustic sod}»^ or potash, 
although the mixture of ferrous sulphide and sulphur formed on adding 
ammonium sulphide tc ferric chloride* yields a dark green solution.^ 

*** AeKlition of dilute acid causes the .evolution of hydrogen sulphide, 
a ferrous salt* passing into solution. For this reason ferrous sulphide 
cannot be coni])let('Iy precipitated by passage of hydrogen sulphide 
through a neutral solution of a ferrous salt of a mineral acid, as the 
reaction is reversible, according vo the equation : — , « 

' FoX + IIjrf^^FeS+HjX. ^ ‘ 

, In acid solution —for e!:am])le, sulphuric acid — no precipitatj is 
obtiRincd Unless the,})ressure of the hydrogen sulphide is increased. The 
greater the concentration of thp acid the higher must; be the pressure 
of the hydrogel),^, ulphiclc.® 

Ferrous sulphide ma^, hpwever, be^prekjipitatcd from solutions of 
ferrous ^alts h\ ihc ^^rcscrice of sodium acetate— a fact' that w^as known 
toXlay-Lussad—and evcn*»from ferrbus aceta'i^* in the presence of acetic < 
icid, and from solutions of iron ii^citric or sucV.inic acids.’ 

Rinry) and Boeko, loc. cii. * 

* Loebo ahd Becker, Zcilsch. nnorg. Chem., ^912, 77 , ,301. 

* Lipsohitz and Hassliij^er, Monalnh., 1905, 26 , 217. 

* Weigel, Zeiheh. phynkul.^fhem,, 1907, 58 , 293. » 

* Konschegg ,and Mnlfatti,*Z^d,ffA. anal Chem., 1906, 45 , 747. , " 

* Padoa afttl Caihbi, Atti /?. Idrenrf, hincei, 1906, (5), 35 , ii. 787 ; Bruni and Padoa, 

;6wJ.,T905, (5), 14 , ii. 525. , ’* ^ 

^ * Winderli^h, Zeitsch. p^/aikaL Chem, Unterr., 1917, 39 , 264. 
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Fem)u% sulphide is oxidis^ by iacidulated hydrogen peroxide 
solution, yielding ferric sulphat^ or hydrolysed products of this salt.^ 
With ammoniacAl zinc chloride no reaction occurs at the ordinary 
temperature, hut at IGO^ to 170° C. in a sealed ferrous hydroxide 
and zinc sulphide* j^r^ ptoduced.*^ t . • " 

Ferrous sulphide unites with other ni^'tallic yilphides to form 
stable double compoifnds. Many of thesi; occur in natur(‘ as mineral, 
a few of the more importafd being ^nfrrholitc or ^nagnetic pyriteSy 
SFcS.FcgSg (sec p. 2^) Pentlandite, 2FeS.NiS FcS.4ZnS; 

and Dauhreellte, FeS.CjgSg. ^ , * 

These and (3th?r more or less stable ^sul})hi(les have been yrepared 
in the laboratory. Thus 3FeS.2MnS is formed when ferrous and 
manganous sul])hides are fused td^'tber. It melts at ].‘3r)2° and 
forms solid solutions in all pro|prtions with manganous sulphifle.* * 
FeS.OgJ^a^^'^'dts'^on h(‘ating a mixture of iron, ehroinium hydroxide, 
and sulphur, as a black insolubh' compound.* • 

FcSfAlgSy ^ resuds when /errous ‘^uljihide oi^ pyrites is reduced 
with metallic aluminium. Thus 

4FeS-f 2A1 -FeS.AljjSgd i3Fe, 
and 2FeS2 4-‘-^Al '~TVS.Al2S3 4 Fe. 

On meltit]jT gold and ifon together in the prestpee of sulphur, 
FeS.AiigS is olAained.^ 

A study of the freezing-point curves for mixtures of feriy^us 
cuprous sulphides appears to indicate the existence of thn (* compounds, 
namely ; • • • 

2 Cu 2 S.FcS, which is stable at all temperatun^s below the freezing- 
point ; 

8Cu2S.2FeS, which undergoes a change at 180° to 280° C., ib(fctallic 
coppef being set free, and a product rich in sulphur reiu^iining ; • 
2Cij2S.5FeS, which breaks up into tin* first conniound and fr(!e ftrrous 
sulphide at ternjiefatures between 500° an(rG00° C.^ ^ 

On calcining sovlium thiosulphaR* witli ferrous oxaWite, Na2S.2FeS 
is obtained as broir/e-eoloured prisms.^ 'I'lie corresponding potassium 
compound, K2S.2FeS, is formed on redue^ng jiotas.siuni ferric sulphide^ 
iC^S.lVSg, with hydrogen; or by heating Von (1 jaftt) with sulphur 
45 piirts) and pota'^siuin carbonate parts). lt,yi(hls^\'tKlIc.->sbape(^ 
crystals or thick taUets, resembling potassium permanganate iii 
ajj^earance.® • • • 

Ferrous thio-antimonitc, 3FeS.Sb2Sg, or FcgSbgSfi, dbtainc^ on 
precipitation ferrous salf witHi potassium thio-antimonite (spe p. 194). 
Hydratedt ferric sulphid^,^® Fc^Sg.Aq., readily produced by 

1 Hem4ndez, Anal Fh. Quim.f 1908, 6 , 470. • 

• Stokes, J. Amer. Chem. <S'<y.„19Q7, 29 , .304. • 

• Rohl, Iron Steel hist. Carnegie Mein., 1012, 4 , 28.^ 

• Groger, Sitzungsber. K. %ka<i. Wiss. Wien, 1880, (2), 81 , 531. 

® Houdard, Compt. rend., 19t)7, 144 , 801 ; sDitz, MeUillurgie, 1907, * 4 , 780. 

• Maclaurin, Trans. Chem. Soc., 1890, 69 , 1269. , * 

’ Bomemfnn and Schroyer, Melallu^ie, 1909, 6 , 019. 

• Brunner, Arch. Sci. Phys. Nat., 186.5, 22, 08. • 

• 88 linei(tpr, Pogg. Annalen, 136 , 4<10 ; Prei 8 ,^J. prakt. Chem., 1869, IVJ, 10. 

See also MalfatU, Zeilsch. anal. Chem., 1909, 48 , 352. * * * • * 

The li^rature dealing with this substance contains many conflioting statementa. 
The data*here givra* appear be well established, howeverj^ « 

a • 
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treating moist ferric hydroxide «(or the hydroxide sufipended" irf water) 
with hydrogen sulphide : — ^ , 

2Fe(0H)3+3n2S-Fe2S3+M20. 


It is thus procfueiid during the commercial puriiiqation of coal gas 
from sulphurettedr hydrogV^n.**^ In the laboratory preparation of the 
* pure substance' tlie reaction , should be continued for se/eral hours in 
the abscnct; ot Air, the precipitated sulphide being black when the 
reaction is eymplete.'^ ^ 

A preei[)itat(,\ •'yi ferric sulphide is also obtiuncd when ammonium 
sulphidCj is added to a solution of a ferric salt, the alkali remaining in 
excess.* If, however, th(‘ ferric salt is present in excess, the precipitate 
appears to consist of a mixture oj; fi^rroiiy sulphide and free sulphur. 
As obtaiiiod bj either of the foregoing m»^thods, the sulphide is hydrated 
and unstable in air. Dilute hydrochloric aeid decompose s it completely 
into ferrous chloride, with evolution of hydrogcii splphide and-a simul- 
taneous deposition of sulphur. oVVhen beaded with water it yields ferric 
hydroxide and hydrogen sul])hide. 

In the moist condition in the absence of air, or tlu* ])resenee of 
excess hydrogeai sulphide, feme sulphide Is transformed into admixture 
of disulphide and ferrous sulphide : -•* 


Fe^Sg-FeS^+FeS. 


'^his travisformation, which takejj a week at tlie ordinary te'mperature, 
may be effected in a few hours at 00'^ C. lJp(»n exposure to air in the 
prtsciiee of alkaliiu' substances, ferric sulphide beeouK's light y(*llow in 
colour, and sulphur is deposited. 

Anhydrous ferricsulphided'VgS^, is obtained by (‘xposing t he hydrated 
compf^Find in a vacuum over [)hosphorus pentoxide. It is then pyro- 
phoric if suddeidyd)rought into the air; otlierwise it is quite* stable. 

Anhydrous ferric sulphide is produec'd in riiassive form by gently 
heating iron and sul})hur together. As obtaiited in this way it is a 
j^dllow,^ non -magnetic mass, soluble in dilute mineral acids, density 4 - 1 '. 

Ferric sulj)lfide yields^ stable coin])ounds with the sulphides of certain 
other metals. ..Some of thyse occur free in nature. Thus copper 
pyrites is gencr^illy regan^t d as FugS.FcjjSy (see )). 2 * 3 ); Barnhardtiie, 
2CU2S.FC2S 3 (s ee p. 2 . 3 ) ; CubaniCe^, CuS.Fe^S^ (see ]). 24 ). * 

^ These amongst the best 'known. Other \norc or less stablt 
double sulphides have betai prepared in the lalaNratory. 

^Potasslpin ferric sulphide, K2S.Fe2S3 KgFcoS^, may be obtained ^ 
by lieating together* iron and sulphur with potassium carbonate. The 
sulphide US extracted with wattr, and, upon eoneentVa+ion, purplish 
needle-shaped etystals are obtaiiitd, of density 2-8G. These* are com- 
bustible vwheiij feeated in, air, but arc reduced to* a, black mass of 
KjS,2FcS or K^FcgSJ u})ou^igniMon In hy^drogt'n. 

SodiuAi ferric sulphide, NagS.FcjSg, may obtained in a similar 

' Wright, Trans. Chem. Soc., 1883, 4^, 150; Znitsvh. anal. Chem., 1908, 

47, 1'Sa. * . 

* See this series, V’^oluine V., p. 93 ; Gedel, d. Qasbdcuchlun^, 1905, 48', 400 ; Stokes, 
J, i4mer. Ch€m. Soc., 1907, ig, 3(H. 

* Rodt, Zeitsch. angew. Chdn., 1910, 29, (1), 422 ;* Mecklenburg and P.odt,‘ZeitJcA. 

anorg. Ckttn., IQl^, 1^2, 130. < 

* Stokos, ioc. cii. , 

* Schiieider,^Po99. Annalvi, 1869, 136, 400; Bnmn^r, Chm. Zenlr., 1889, It, 664. 
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manner to the potassium salt, or by hAtinpf four parts of sodium thio- 
sulphate with one of iron.^ As obtained in this way, sodium ferric 
sulphide forms dark gre<^i acicular crystals, whi(‘li.^radually disinti-^rrate 
ypon exposurt to air, jDecomin^ Vf^iimiiioiis, and lin;^lly a brownish 
blacjk powder. *% • • * . 

When heated, sodium ferrie sulphide is eon vert edi into oxide. With 
concentrated llydroelflofie aeij it yields h\«dro^r(*ii sulphi(h-, lVe(‘ sulphtfr 
bcin^ deposited. It is^iiy>olul)le in wafer; but, whefi boiled with an 
aqueous solution of ])otassium eyamdi*, it yields j^otassium Cerroeyanide. 

• Sodium ferrie Milplwdi' oeeurs m tlu> • black ash ''•li<|uors formed in 
the Leblanc Soda rrOeess.- and a eon\(“i»i('nt wet na thod oi' ])ioduein^ 
it in the* laboratory consists in addqm’ a solulion of a ferrie salt to exei'sk 
of sodium sulphide' solutioiv It at<* results w*h('n excess (^‘ sojium 
polysulphide acts on a solut ion*ol* a lerroiis sidt.-' 

The const it lit ion assi<fned bv Sehiu'ider ' is : 

• • 

Xa- S S • 

• \F(. 

Na--S ' "S' 

Cuprous ferric sulphide, Cu 2 ii.fV^S.jf oeeurs m nature as copper 
pyrites, ^lialcopyrife, or fOiCdinie, and is oiu* of the eommoiu'st orc's of 
cojiper (see p'. It is* telruifonal, possessed of ^a brass-yellow 

colour, aiul e^^ibits a eonehoidal IVaeture. Ji is de(M)mposed by nitric 
acid, atid tarnishes ujxai ex])osure to air. freepicntly yieldm/^y ) 4 l^'luti^n^* 
iridescent surfaces, a bluet e’olour pfedommalmt;. Masse-s of sucli 
tarnishe'el eire are' founel in Cornwall, anel are* known a.'v }n’(ic(}fk oii(\ 
The' blue e'oloiir is probably ehie to the- formation of a surface layer of 
cupric siilphieh' or e'ovellite', CuS. 

Chah’ojiyrite may be ebstiui^uishe d from iron jiy rites by its iv.‘lative 
softness, anel b}’^ the fact that with mirie ae'iel it yiele^s a ^rien seifutioji 
W'hie'h be'e'omes blue' on aeielilion of e-xeess (»f ammonia -eliw.' eif the 
characteristic reae'tionsj’or copper. HHslcred copper ore is a botryoidal 
or renifeirm \'ariety, walh a smojfth brassy appearane'es • •• 

Small e'rystals of*art ilie'ial ('opjHr pyrite's aref obtain eel**' by the ae*t.ion 
of hydrogen sulphide upeiii a mixture' of e'oppe r oxiele anel lerrie oxide 
gently warnu'd in a glass tube. • • * ^ 

Ceyipe-r pyrite's may be- obtained iit the Taben'atory ‘in the' we-t way 
* 5y a wealdy ammj)niae'al sf)hition e)f ei^u'eais *r'!\lcn’iele witi| ^ 

potassium fe*rrie sulphieU- until the; se»lutioii no Uaige r e'ontain - e'oppe'r : * , 

K^S.FcjS.jd-t^CiiC'l '2KCI 1 ( u.^S.Fe^S^. 

The crystals obtained are praetlV-ally i4< ntieal with the natuml copper 
pyrites. • , • • * 

Another meyafd e'einsfst^ in he'ijting •copper earlipiiAte ayd ferric 
sulphate with water containing l\)'die>gen sulphi».1e. • 'liie re'actioy is 
carried eiut in a cleise d tube', anel the- he-ating p%)long('d for se vei^d days."^ 

The internal struedure of eoppe’r*j)yiites, CuFe -■S„ hi^s be'cn studied • 
by means e)f their X-ray mterfereneei^he nomena.'* • 

^ Faktor, (Jhem. Zentr., 190.'), II., 121^. * series, Volume II. 

’ Mecklenburg and Uodt, Zeil^h. anorff. Chun., I91H, /02, IIIO. 

• yctfneideH', loc. cit. • 

® Dnelter, Zetlsch. Kryst. Min., 1880, ii, 29. * • * * 

• SchiMiefer, J. prakt. Chem., 1888, (2), 38 , 569. ’ Doelter, loc. cit. 

• Burdick and Mis, J. Amer. ^hem. Soc., 1917, 39 , 251 8. • 
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Iron disulphide, IVSj, occuA in nature as the mineral miiiuUc or 

iron pyrites bclon^ji^ to tlie cubic system. When broken it exhibits 
a corichoidal fracture. ^ It is pule l)rHs.s-ycJlow in coloui^ and of hardness 
6*3 ; by boHi of these fcalun s it i^ readily disu^i^fuishabUb from copper 
pyrites, which is (furker in colour iftui softer (hardiir’|5 

Th(* word [lyritfs ((Jreeft Trip, lire) was used by the ancients to include 
rf*uurnber of luiiiends which •yield sparks^ when* struck ^vith a hammer. 
Iron pyrites is fiVipiently fouitd of botryoidal^ spherical, or stalactitic 
form,' haviri^f been deji‘()sited from solutions eontidning jron sulphate 
through the ag(iif;y of organii* matter. For thte lu'^son pyrites is frt^ 
quentlyd'ound in (‘oal, and is«known to miners a?» bra^s or fools^ gold, 
i^ost probably its jmseiiee assists Jhc spontaneous inllammability of 
coal* alt hougli it is n<lf such an' i^^iportai^t factor as was at one time 
believed.^ * < 

Frefpiently fossils are found, partieularly in London (’lay, consisting 
of pyrites, the ({(‘easing organism having presumal>ly rc'duecd (.ulphales 
of inin })resent m the inliltrating waters.* * 

When pure the density of iron jiyrites is 5 027 at 25 ‘ Nickel 

and cobalt art* sometimes present, ]>robably as isornorphous intermixtures 
of their corresponding sulphides ; eo'ppiT^may also be present^ perhaps 
as chaleopyrite. Tluillium, silver, and even gold hji\e .been found in 
pyrites, the las\-named in suHi(‘i<-nt 'quantity to rend(T*tlu‘ mineral a 
.B^m^litable source of that pri'cious nutal, as, for exiunjAe, in British 
CSlumbla, where' auriferous pyrv»es is large ly weirke'el. 

From ('h'e'trie' eeindue't ivity me'asure'inents the solubility of pyrites 
hr watt'r hus'be'e n ealeulate'el as Ibllows : 


Py rite's freim Freibe'rg 
Artilie'ial [)y rites 


( Jrain-moIccuU's per Litn'. 

. 18 -Ox lb'*', 

. t()'8xl0“'‘. 


Aerati'd wiite'is eharge'd with ealeium ('arbonate appe'ur to ileeeunpose 
pyrites vorv slowlv efe the' orelinarv temperature, vieldmg limonite'. 
11ms:— ^ 

4FeS3d 150, ] I 8Fa('0;, -2Fe,(V,3lI,0 i HC’aSO^ [ SCOj. 

• i 

Distilled Wi^er, in the^ presence of air. slowly oxielise s jjyrites to 
ferrous sulphate anel sulphuric ae'id. • * ^ 

► * Sulphur ^loimelftoriele has im action vm pyriks in the eedd, but 
effects its complete eh eoAipeyit ie>n at 1 tO'^ C.'' * 

^Vnothe^r form eif iron disulphide oeeftrs in nature as the miifcral 
morcasite,'^ Wiiieh Jiosst'sses a raehated, Structure iiuul is fiequcntly 
found irregulj^ir balls on e'ltalky dowik«. When bre^ken open the 
fracture* exhibits a tihrems cry sSalline* structure radiating from the 
centrc~^whciu'e4thc nanu :radiak‘(i,})yrites.< The fresti fracture is almost 
white in (H>lour,* an\l if (yiitc pure, the^nvir^asitt' would probably be 
quite tin- white in api)eiM*anee.^ When pure,,. its density at 25® C. is ' 

« 4 

J 8 o€ this series, Volume VII., where tjlo subject is discussed at length. 

* Allen, Crenshaw, niui Johnston, Jwier. J. Aa., 1912, (4), 33, U)9. 

’ Weigel, Zeit^rh. phtf.nkal. Chnn., 1907, 50, 293. See also Doelter, *jlotiaisk., 1890, 
n, 149. ■ ' , 

* Evans, 5/oe Mag., l9(K),m2, 371. • * - * 

* E. Sui^h, J.' Amer. Chfntl Sor., 1898, 20, 289. 

* An Arabic or Moorish w ord, 

* Stokes, U,8, OtologicakSHTwy^ Bulletin IHO, 1901^. 
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4'387.** ifarcasite has in general a density of 4‘68 to 4’85. It oxidises 
more readily than pyrites, becoming covered, upon exposure to uir, with 
white fungus-like growths of ferrous sulphate. , 

When heaied to C. and wards, man asito .changes slowly'^’ * 
intQ pyrites, but*|lfis change do(‘S dot ajipear to be reversible.^ It is 
not accelerated by pressures even of 104)00 atmosph#res. but the change , 
increases in rtipidity wth ri<^‘ of tempi'mture, beinjf aeeompanied % 
an evolution of heat ^ j^ikJ a decrease ii! the eleetrieni resistance of the 
mineral.^ A, sample of niareasite on being heaW'd to 010 #C. increased 
in density from 4* -{^^7 K) 4*911, changetUiti colour, and*^|ave the chemical 
reactions charaVteristic of pyrites (see 1 to). The density (4*911) is 
too low for ordinary pyrit(‘s (5*0‘^^l)ut appar(*ntly that is due to tlfe 
porosity of the product obtained uivler th(‘ (‘xpcTinu nbd^ eonjJitio»s.* 
Sulphur monoehloride has ^lo action on marcasite in 1h(‘ cold, but 
decomposes it completely at 1 tO'^ C’.'* 

In onler to facilitate a comparativi^ stu<ly of l^e two sulphides, their 
more iifiportant chemical and physical properties are listed m tin; accom- 
panying table : — 


% 1 

, ♦’ynU'K, * 

.MiircoHito, 

Colour 

! Hfass-y^dlow* 

White, 

Appearance; • 

! Striated cubes or 

Fibrous, radiating. 

pentagonal dodeea- 
bedra ** 

• v* 

Crvstal svslem . 

C’ubie ! 

Hhombiei. • • 

Streak 

(ireeiiisli to brownish 

Greyish lo brownish 


black 

hiaek. 

Den sit v range . . i 

4 *8 to 5*2 

4*7 to 4 8. 

Density j^t 25 "" ('. when 

5 027 

4*8ti7. 

pure. 


* • 

F^icture . . ,. 

Conehoid.d • 

' Uneven, radiating. 

Hardness (Mohs’ scale) 

0 to (i*.5 

0 to 0*5. FrcqflentlJT 

» 

• • 

a trifle softer than 
pyrites. 

Hardness relative to 

182 to 199 • • 

134 to 140. « 

4» t(;|)az (1000) ® 

% 

• 

, , Specific heat . » 

o*a80o • 

(VI 332. • 

Heat of combustion % 

1550 calories • 

1550 calorics. 

l^ffect of heating to 

I St.’fcble • 

(.'(invert ed into pyrites. 

450° C. 


Action of air • . 

1 More ft able* than mar- 

1 Readily oxidises. 

• 

• 

c{y>ite • • 


Action of caustif .soda 

1 T,^ss resistant , tljiyi 

Fairly it*si staple 

solution 

mareasile , 

• • •* 

Action of nitric acid, 

'jlis.s'blvcs complete 

Sulphur deposited. 

' density 1*4 * 


• f 




* Allen, CMsnshaw, and Johnflnm, Amf^r. J. Sn., 1912, (1), 33, U)9. * 

* Allen, J. Washington Acad. Sci., 1911, I, 170 ; Arlieiter^^Vt^m, ZetUr., 191.3, 1., 1933. 

* Kdnigsberger and Reichenhfim, Jahrb., 1900^11., 30. 

* sAith, f. Amtr. Chtm. Soc., 1898, 20, 289. • , 

» PdBchl, ZdUch. Krysi. Min., 1911, 48, 572. l>*wrmino<J by die voAimo cA m&teiiil 
remoTed jay«4 vcigl^ted diamond, the lower valuea being obtained when the diamond 
wnghtfd 20 grama, and tho b^ip: 50 grama, for each mineiU. ' 



140 •IBON AND ITS COMPOUNDS. 

When pyrites and marcasitl are not distinctly crystallised it is 
frequently dillicult to distin^^uish between them, as the foregoing charac- 
teristics are not (•l(‘arly. discernible. A cuiiveniyit chemical method has 
* %)een devased, ly)vvcv( r, vvliich a diserpninatiom* to be made 

with certaintyd. ft consists in bailing the mincrfiKVith iron alum, 
contaitiing 1 gram •)!* ferric iron and Id c.c. of 2^ })cr cent, sulphuric 
afld ])cr litrt'. 'I'Ik' ])roportioft of sulphur pxidised in the ^asc of pyrites 
is OO 't per cent, ftf the total su1j)hnr contained, iji the inimTal ; in the 
case of marei#>ite it is oiiJ y 1 S [)er eent.^ The reaetioii may be considered 
as taking plaet; i» two stages, rtmnely ; — ' , • 

FeS., f Fe.,(S04).,:--.3FeS0, -f-‘2S, 
dF(‘,{SO,)?, I 2S I 8lf2(jLl2F(;>SO, | Hll^SO,. 

A labile phase of iron disulphuh' occurs in nature imcler t'nc‘ name 
melnikovitf'. It is a black, 'linely divided substance which impregnates 
certain mioeene clays in Itussia^ and differs in many res])cets fi’om the 
black hydrated sulphid(‘ of iron usually found in lilaek mnds of lakes. 
In composition it corresponds to the formula FeS^. Ibis magiietie, and 
its true density is probaldy 1-2 to t-S. (lold, (lilut(' hydrochloric acid 
readily attacks it, e\olving hydrogen sulphide. It lias probably been 
derived from a (♦olloidal deposit of an iron sul])lude.‘^ « 

Laboratorf/ Prcpdrolion of Iron Disulphide.— In the laboratory iron 
m.^ilphifii' may be fireiiared by .several wei methods, 'fluis, it js formed 
when ferrous sulpliide is boiled with ll(>wers of siiljdmr ; and when 
sofiium* trisul^)hide is added slowly to a boiling solution of ferrous 
sul])hate, provided exeiss of the Irisulplude is avoided. Sulphur is 
sirnultaiu'ously precipitated. It is obtaiiusl also by boiling tlu' freshly 
preoip’faled monosulphidi* snsjxauled in watcT with sulphur in the 
-Htihsence of^ alkaliif. •'* ; by the action of sodium thiosulphate solution 
upon ferfous sulphnte*' in sealed tubes at temperatures even below 

100" C^: " • ’ 

k\a,.S/).jJ FeSO, ^FeS./b‘TS i 4Na..jSO,; 

by the action oj' hydrogen sqiphide upon ferrous thiosul))hate,' or on 
Herric or ferrous^suljeliate'b'' by lu'ating metallic iron with a solution of 
sulphur dioxide' at about 200" or phosphorus penla-sulphide' and 
►ferric cl iloride ’ : x ' ‘ « . • 

* ^ <)FelM, I 2l%SV,-.SFeC’l2+8FeS, f4PSC’lj. 

* ... * 

As obtained by the.se’ me‘tliods.w the iron disulphiele usually either 
aniorphotis e)V eeutsists yf a mixture of qiiiuito crystals (V jeyrites and 
marcasit|;. Hy pre)lougii)g^ tl^ie reactions erj^stals evn he obtained of 

* StokcvH he. etl. < * . <• f 

* For other reactions see ./. A?iier. CAeoi. Soe., V‘H)7, 29 . 307. 

” Doaa, Jahrh. 1912, 33 , <h> 2 . 

f Homirnumt, Chim. Vhy^., 1851 »*" 32 , 129; 1850,30, 129; Compt. nnd., 1849, 
a 8 , 693 ; Rodf, "leiUeh. anyew. Chem., 1916, 29 . <l), 422. ^ 

* Rodt, Mitt. K. Makriql finifurujan mt, 1918, 36 . 93. 

* Allen, Crenshaw, aiul Ji)hnston, Amer. ./. Sri., 19^^ (4), 33. UlO. See j>. lllfi, where 
this reaction is e.^nluined. 

’ Feld, ZeitS^h. an^ne. Cheni., 1911, 24 , 290. 

* Geitner. ilnewt/ea, 1804, 129, 350. 

' , • Olatsol, i^., 1890,^3.97. 
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sufficieht *size to render possible an examination under the microscope. 
By heating an intimato mixture .of ferric oxide, sulphur, and ammonium 
chloride, Wohler^ obti^ned vsmall brass-yellow /Tvstals, probably of 
pyrites. • , • . • . . 

Comtitution dj^f^yrites and Mafcasitc.- VihvM ihareasite is heated 
to 200° C. in sealed tubes with eop})er siil]11iJite soinlion, the product 
contains iron *111 thc*l‘elTous ^tate only. •Pyrites, under similar treat- 
ment, yields about 20 j)(t cent, of il s'* iron in tlie ferrous form, the 
remainder being*ferrie. It has therefore been si^^j^n stc'd - tUat marcasite 
k represented by |he liDrnmla '* • • • • 


or a pol^yneride, whilst pyrites* is l-Fe ' So.Fe* . 

On the other hand, both mareasit(‘ and pyrite^. wlaai lu'atod with 
excess bismuth cildoride in an atmosphere of# dry ejirbon dioxide, 
yield onlyjyrous iron.'* • * 

Furtlur, when heated to a red heat m an atmos|)liere of carbon 
dioxide, ]) 3 'rites l«^es half its sulj)lnir, and the residue consists ol lerroiis 
sidphid#. A similar result i?? ol)lamed whe n pyrites is heated at 000^' 
to K)0'' C. in .fteam.'’’' t ^ ^ 

From thest*, exjX'i’inK'nls it would appear tlial the iniii is present in 
both minerals in tlw ferrous state.’’ 'Ihe- e vidence' is (lius se<^ii tojif 
eonllieting and unre liable'.^ fhe' he at e)4> eoinlmst iein ol I he t wej minerals 
is the* same', namely l.)50 e'ale>ries.^ whie'h snu^ sts a sj^mlar .^tate^)f 
\'alen<*y eif the' ire)n in he)th, and thus hnels sup])orl le) the' latteT view. 
The heat of forinatiem is likewise' the' same',” assuming the* ire)n te) be in 
the* fe*rrous state'. Some' eliffe're'ue'e' m the' molecular slrue'ture* ot the 
miiuTals is tee be' ant ie*ipateei, anel Arbeite^r su^^^ests the' folitiwh^ 
graphical fbrmula' : * . 


I’c S 


tv l-'c 


(I’yrit<'s) 


S • .S 

(M.ir( asitc) 


Fornnition of Pyrites and Marra^ite AVz/eoc. *As has already 
' T)(*en Tnent ieme el. ire)n elisiilpl^iiele' is e>l;4ame el in botlj e*? ystj^hine' \ arie‘tics 
* -pyrites and maivasit*' b\ the- ae tion e>f Ivvelreincti sulphieh' up<»n a 
sokitiem <jf fe'rrie* sulfihate at^the' euahnar'i# t einpe'rature'. Tlie* reacts)!! 
begins with the re-duet ie)U of feme* suljihate tei the' fe rreeurj siflt witk the 
deposit iem of sujplbir : ' # , , 

•’ Fe2(SO,)3rj-Ip2S=^^2hrS(),H IFSO, I S.‘ . 

t • • . * ^ • • 

‘ W6hleT, Annalcn, lS3fi, ♦ * • * * • 

* Browi, Proc. Am^r, Phil^Sfy., 1W4, 33, Scn'i*, 180.), 120, 1.11, 144, 

155, 171, 179. » A * 

' * This formula waH BujjgcHtcrf by Loorka ft l|•(|^\^ln•8(Z('l/ '.(/). kry/^l. .t/en., 1894,33, 9^1)* 

* Plummon 7. Amcr, ('hrm. 19U, 33, 1187. • 

^ IJoncdekf Kryst. Jfin , lOlO, 48, 447. 

“ See also Morgan and K. K. fyiilh, ./. A/nrr. i'tmn .S'^» ., I9e»l , 23, 107. 

“ Stakes, he. cit. • 

® Cavazzi, Zeiisch. Kryni. Min., 1900, 32, .''»l.‘i). 

* Mixter,*.4 m<’r. J. Sa., 1913, (4), 36, 55. 

Arbciter, Chtnf, Ztnlr., 1913f 1933 
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This is followed by the formatiSn of the disulphides^ if the reaition is 
carried out in a closed vessel where the hydrogen sulphide is prevented 
from oxidation or escape. 

[ FeSO^-hH^S-i~i=FeS^-hH^SO^</ 

At the ordinary temperaturc^this reaction is very slow, but at 200° C. 
it is fairly rapid.'- The dark deposit is microcrystalline. On carrying 
out the reacition in a )^ealed tube at 100° C! wtb a solution contain- 
ing 1 pi‘r eei\t. /)f free sulfdiuric acid, marcasit/; is the only productr 
Higher ti'ni])eratures and redufition of acidity favour the production of 
pjTites, distinct crystals being produced at 200° C. Iron pyrites is 
lorn\ed in neutral or alkaline sohftijjns, us, j'or example, by the action of 
sodium ]Solysi51})hide on a ferrous sal^. Marcasitc is not produced 
under these conditions.^ The foregoing results arc in harm'ony with 
the obsiTvation ihdt^whiM iron pyrites in nature is usually formed in 
deep veins from hot alkaline sohitions, ryareasitc is produced near the 
surface from acid solutions. ^ 

Thus a recent formation of jiyrites has been obs(;»’ved at Karlsbad, 
in the \V(“ll-known springs, which have a. temperature of about 55° C. 
The wate rs are faintly alkaline and contain dissolved sidphates and a 
trace of hydrogen sulphide.^ Similarly the Tuscan lagoons are gradu- 
ally d(‘})ositing pyrites, whilst the hot vapours of ' tlu' Icelandic 
fuTnurolis are slowly converting, the ferrous silicate of llu‘ rocks into 
jiyrites.** 

* Certain ifiicro-organisms may indirectly facilitate the formation 
of natural ])yritcs and marcasitc by evolving h>drogen sulphide 
as a product of reduction of sulphates. A considerable* number 
of b«>^tcria, ulgic, tlagellata, and infusoria exhibit this kind of 
■^tivity.*^ , ‘ 

It is *1101 probabU', however, that they are ilirectly responsible for 
lu^c (piantity of p')’riteor marcasitc formation for several rcasdns.'^ 
Thus, for e,\am})le, pyrites is usually formed at r;onsiderable depths, 
but micro-organisms arc relativefy supcrlieial inhabitants of the soil. 
Again, pyriti-s is not infreqi^'iitly associated with copper pyrites and 
“laiialogous miiuy*als, whicVl indicates the presence of copjar in the 
original solutions. Now, coppeV is exceedingly poisonous to<nio8i* , 
micro-organismis. Knally, marcasitc (H)uld hardly be produced direct 
by micro-organisms, as the presence of free acid, which is a condition 
or fonuiition, is fatal to organisms. * 

It seems tSiirly \Vcll agreed amongst geologists that pyrites has also 
been forrfied in eci*tain cases by direct crystallisation frotn,rock magmas. 
This covid ncvcr1in[)p< rr with marC'asite, kowqver, owing tef its instability 
at temperatures •above 45tU° 0. . * , 

Artificial cBjr^^talJi of marcasite closely resi^mblc the natural mineral 
in colour) lustre, and axial ratios. Thus : — ^ ’ 

^ All«n, Acofl. Sci, 1911, i, 170; Stokes, toe. cit.; Allen, CreOBbaw, 

and Johiwton, ./. ^VL 1912, (4), 33 , 169. ** ' 

* Sec Pailft, Jahrf). Min* 1^7, II., Mem. 5. 

* Daubnh), Oiologie cxpMn^cniale (Paris, 1879), p. 

* Buvaen, JCogg. Annolen, I 861 , 83 , 259. 

‘ Beyerinck, Compt. rend., 1893, 1 x 6 , 1494. 

^ ^ • Allen, Cnnshaw, imd A^hnston. loc, eU. 
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• Axial Ratio, 
a:b:c, 

*. 0-7662 : 1 : 1-2342 1 


do. A . . 0 -7623 : 1 :1-2167 2 

3o. . , ». . ;o-7580 : 1 ; 1 ' 2 > 2‘2 ■* 

ArtificAl . o reifi, 1 : l-2^r(i.* 

• • • • • 

The striations likewise agree with rhombic rather .•than with cubic 

symmetry. * • • 

The chief •comruercial use of pyrites ^iiieludilig ii\,areasfte) is in the 
ifianufacturc suipimrie acid.® The jSyrites, on beiifg roastc^ in air, 
yields sulphur dioxide and a residue of ferric oxide. Thus : — , 

4FeSj>ll0j-=tl-V20s l 


A smSll quantity of sulphur trioxide is also formed, its proportion 
ranging from 0-1 to ^bout 8-5 per cent.*' * , * 

Ma^etic pyrites or pyrrhotite is a* nnneral of somewhat variable 
compositioTn’anging from 5FeS.Fe2S3 to 9FeS.Ft‘2S j, and is thus inter- 
mediate between ferrous sulphide (troilile) and iron j)yrites. Some of 
the pur<^st specimens yield au analysis closely approximating to that of 
ferrous sulphid(‘. 't his is pjirtieularly the ease with specimens derived 
from metcorittfs, the excess of sul])hur ha\'ing })erliaps bec'n lost during 
the heating <>4 flic meteorite. 

Pyrrhotitc has been prepared^ art ili^-ially by heating ferrous chlorfdc 
and sodium carbonate with water in a rifle-barrel at 200® C. for 16 
days in an atmosphere of hydrogen sulphide and carbon (lioxicfe. 
The reaction proeteds easily between 80'' and 225° at the lower 
''temperature, yielding hexagonal crystals, atid at the higher temperature 
rhombic ones. 

In viewi. of these experiments it seems probable^ that the naturdt**^ 
mineral has b(‘en produced at a relati\( ly low temj)erature from ferrous 
salrt dissolved in watei* by the action of hydrogen sulphide on Jwhghtly 
acid solutions of a l^rous salt. * ^ ^ ^ 

Artihcial pyrrhotitc has also been obtained by passing hydrogen 

sulphide over heated feriMiUs (-hloride, ,air Jiaving been nreviousl Y 

expelled by passage f)f carbon dioxide'-*; iwid by de-ioniijosing nmr- 
^isitc»or iron pyritt-s with hydrogej^ sulphide at t( iiqa^-atures abovx 
JI75°1’.® The reactitm rnay1>e first detected at abf)Ut this temperature * 
proceeds fairly rapidly at 605 ’ C'. 'i^e mineral is nut, a defiujte 
compound, but in all probability a solid solution of sulplwr in«iron 
sulphide.^® • ^ ^ ^ 

1 Prior, Min.hlag., 1903, 13, 217., • 

• Gemacher, Zeitsef^ Krytti. Airu, 1888, 13, 242. 

• Goldschnadt, \V inkdt^cUen {Berlin, 181^). 

• Larsen, Amer. J. Sci., 19 13^ (4), J3, 21«. 

• See this series, Volume Vyil. 

• Soheurer-Kestner, Compt. rend., 1884, 9^917 ; isso, 100, b.ja. • • 

’ Doelter, Zetlsch. Kryd. M\n., 1888, I3,V)24 ; Weinschenk, ibui, 1890, 17, 499; 

Durochcr, Compt. rend., 1851, 32, 823. • 

• Allen, J r \V nshingUm Acad. Sci., ftll, i, 170; Allen^ Crenshaw, and Johnston^ 
Amer. J. Sci., 1912, (4), 33, 109. 

• Delimiter, 4oc. cit. • * 

»• Allen, J. WtishingUfn Acad. Sci., 1911, I, 170 ; ArlAiter, Chem. K€nlr./1913,€., 1933 ; 
HabermeU, Jahrb. Min., 1880, 2, Ref. 303 ; Undairbro, ^v, A lead. Stockholm, 1875, 
Ko.2,SS6w^ • s • . . 
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The following data are intci^sting as illustratingothe fail m •density 
with rise of dissolved sulphur , # 





{ 

c 

No. 

• 

Total Sijlj)ltin. 
IV-r 

( 

( 'alculate,'(l 
«l‘<'r cent. 

• 

Clalculatee*! Djs- , 
solved kSulphuiT' 

Per cent. 

• r 

Density at 

4" C. • 


« 

• 



1 

%.‘30-72 

, 99-59 

oil 

4-755 

3 . 

:37->r 

98®(U 

1 -90 ' 

4-677 

5 < 

:38-51 

90*73 

3 ‘27 * 

1-63*2 

’ 7 

08-81 

90*20 , 

3-74 

4-019 


01) 19 

^ 95 ‘2;t 

t-77 

4-585 

10 

dftjlO 

1 

!)3-90 

0 04 

4-520 


Tlu' ehaii<^^‘ IVom pyrilc h> iJ^'rrliolilc'-whcn healed in an alinosphere 
of hydn^ijfen siilpliide is repn senletl by the reversible reaetibu : — ■ 

FeS^. ) (J ^ .r)S, 


whioli is endotlterinie in the direetioiuof lefl lo ri<^hl, a liiarked absorp- 
tion oT lieal beinif evide nt at about at wliiiTjj temperature 

])yi'ile‘s<s t raiisluiaued into pyrrholiles At 5(15 ' ('. ])ynhotite is stable 
in an atmosphere of hydroifen sulphide-, whilst at 5,50 ('. it <<radually 
pf*ssc‘sc)ver uito ))y rites, 'riie Iransilieni te inpe-rature- is tlms appreixi- 
mate ly 505 C'. IVrrhotite- melts at llHO" ('. m a current oT hydre)j^aai 
sidphide-.^ 

Tj^iere' has been ee>nsiderablc dise-ussion as to the crystal system to 
jjyhic’h pyrrhotile- be-lenij^fs. It is oe-iu-rally re-^nirdeel as lie-xatjonal,-* but 
several inve-stiijators ha\e- eone-lude-d that it is really rlieunbie.'* and the 
su^'jUfestion lias ewe-n bce-n maeh- that tlie- miinral is monoe-linie.v It 
s^etnis^ii^dily probable that the mineral jx’eurs in two varie ties - namely 
a pyrrhotile-, \(hieh is rhumbie* ; ami ft pyrrhotite, whie*h is hexa^aiiud ^ ; 
tlie a variety lx ini» ja-oeluee-d from solution at a hiifher lempe-raturc 
*225 ‘ ('.) tha.n the- ft {iOi'ea SO" 

The axiid rafiees l'e>r the rheimble \arie-ly vary between the limits ^ 


aud« 


<t • h : ( 

b .570;i : 1 : 0 9207 

0 5799 : 1 : 0 p927, 
; ' 


whilst for the; Itexatronul varietvthe vr.luc.for c lies b^-tween 0-8632 
and0*8W2. ^ c i ‘ 

4^Trhotite <i;^ readily (list iu^ui.shed frejux ordinary pyrites by its 


* Thcat^ data re-pr tt> ()u‘ nrtjlie-ial pnaly-'t (Allen, (Viishaw, and Jolinsteu, loc. cU.). 
f Allen, (*renal»aw', and Jolinst(»n, loc. f tt. 

* 8eo Dnno, .t Sij-^hw of M uiemloatj {Wilvy, ISS9), 

* Streng. Jnhrb. Mm, 1S7S, ]>. 797 ((‘ontiUat Slre-ng, i/nW . 18S'2, 1., 183); Vrba, 

Zfik^h, Kry.st. Mm., IS79. ; Vn-nzel. .)lm hir. MiU , 1881. 3, 297 ; von Sftelwen- 

Coburg, ibul., 18SS, 10. 4,')1 ; Zcihch. Kty^l. Miii., tssl, 9, 30!) ; Nie-d, ibuL, 1890, 

31, 53 ; Kaiset) Mtu., l!)0<», p. 201. 

* Laraeu, Anur, J, X’c»,, 1912, (4), 33, 218, 8w aJae) Wewe, Cenir. Min,, 1906, 

*p. m » o 
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softness, rf ‘5 to 4*5 (pyrftes, 6 to 6 5 ), afid by its crystal form and mag* 
netic properties.^ Its specific he^t is 0 1589 .^ 

The solubilit;^ of pyrrhotite in water, as calculated from electric 
conductivity iticasuremehts,® is 53 * 6 ^ gram-mo!ceules per litre. 

Oxysulphides octroi? are not knotvii in ‘nature ; lAit a substance, to 
which the formula FcoOa.SFcgS^ is given, has beeg obtained by the 
action of hydrogen ffuJ^)bid(‘ on ferric oivide at tein})eratures below 
red heat.'* * • •' 

Ferrous sulphite, Fc*s03.3ll20, is (drtained ^by dissol^ng iron in 
iiflueous sulpfiurouS acid in the absenp* of air. conceytration 

the salt is dejKMited tis colourless crystals. Tlie reaction is S(«n(‘w)iat 
complicated, for no hydrogem gas is liberated during the solution of 
the iron, the nascent hydrogen reclilcrtig some (Tf the sulphurous ^cid 
(or ferrous sulphite) to thiosuii)hurie acid (or ferrous fhios^lphate),® 
Thus • 

• 2 Fc ^311.280., “FeSOj I F(‘S2(/3 1 3jl2f). 

The thiosul^ijiate, being very sl)luble in “water, remains in solution. 

Ferrous sulphite' also results when solutions of ferrous salts and 
sodium sulphilt' iflteraet,'' and when fenious hydroxide' is dissolved in 
a(pieous«sulphurous acid. Ii* these eireumstanees a real solution is 
usually obtaiiKtl, pn)bably b(*eaus(;of interaction N\ith dissolved oxygen. 
The colour (|uit*J\ly disappears, ho\Never, particularly on* warming. On 
concentrati(m*the salt crystallises out. , ^ 

On passing a current of sulphur dioxide into an aepieous suspension 
of freshly preeijutati'd ferrous sulj)hide, the* latter j>ass('s^nto s^dutimi 
and ferrous suljdiite is gr.adually deposited : ’ 

FeSH SO., l-IL^O FeSO., | II..S. 

On prolonging the passage* of sulphur dioxide* the salt.elisseilves aiul ihe;^^ 
acid sulphite, Ft'(IISO,)., is produeeel in se>hitie)n. 'i'he norifial salt is 
r<*-d*’positc'd ein boiling, but the se>lutie)n ne>w •eemtains rerre)us thio- 
sulphate in ceniseque nee e»f the' ,re'aetiem In'twee ii a peirfie»n e>f tlfr: dh>- 
solved acid salt aiul s\ilphur ])roduee'el*l)y hydroge n sulphide* anel suliihur 
dioxide* inter-reae*ting. 'rinis : 

Fe'(nS().,).2 : S FeS/,)., , nV) I SO.. * 

• re«iTe)Us sulphite «sohitien*l I'eaelily *<>\ieiises in ♦air. yfe-leling a re*d 
soWtion.*^ Fremi its e*o 1 oiirless se>hilie)Ms ^alkfdies juecipit ate fe-rveiUS 
hyaroxide*. ' « ^ 

Ferric sulphite, #Fe .,(S03)3, has ne>t bee n isolateelT It obtaine d in 
unstable soluUofi em elisNohing fe*rrie* •hydreexide* in ^sulphureAis acid. 

If the ferric h}*dre)xide' is pyre* and wefi washed, it ehsseeTves e xeeVdingly 

» • • • * * • r ♦ 

* For H (Ji‘*cu8«i()n of itn magnetjc |)ru|MTti«*H .and tTVstal hco Keuw'r, iJejiir, 

. Min,, 1000, i». 201. • ii 

• Abt, Wad AnwiUn, ISO'.* (2), 62 , 474. ' 

® Wc'igel, Zethrh. phy,nfcal. CVwi., 1007. 5^^911 

♦ Hee Ramrn< U(l)fTg, Poyy AnuaUn, 1804. I2i, * 

lierthollet# Ann. i'hun. Vhyfi., 1890,^2), 2 , •'>8 ; aiul eadi'-, ./ rhurm. ('him., 

1843, (3), 4 . 333. 

* ^ujiiort yd Elt<‘n, Zni-Hch. u^org. (’hftn , 1893, 4 , 44^ Soc alrtu Munpratt, Annalen, 

1847, 64 , 240,^ PJitl. May., 1847, (3), 30 , 414; IJerthifr, Ann. Chpn. »Phui^., 1832, (2), 
SO, 370. ^ ' 

’ Hrae^nbn and tVeiser, J. Amer, Chim. Soc., 1913, 35 , ^9. 

VOL. IX. : n. ^ ♦ 
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slowly, yielding a yellow solutten.^ As ordinarily precipitited from 
solution, however, the hydroxide dissolves rapidly.* The solution is 
unstable, the yellow colour changing to green as the ferric salt under- 
goes reduction to ferrous dit hionate jn the coiirst^of a few lujurs : — ® 

• * ^V,(S/)3)3-^^\^S,0«-^FeS03. 

l^isie ferric sulphites, such as l’t*^|S03)j.7Fe(OH)3andFo2(^^3)3*^^'^{Q^)3> 
have been prepared.'^ 

b ( 

« f ' Fcfri-Sulphites. 

f A well-d( liMcd senes of eouiplex alkali salts of ferric sulphite has 
b(ru jjrepais'd,'’ analo*^ous to tire (1‘tTri-suIphate derivatives of ferric 
sulphate ( ee p. but containing one SO4 radicle. 

■ Potassium ferri-tetrasulphite,K2Fe2(S03)4.K2‘^^4 K4Fe2(IJ*03)4.S04, 
is obtained by adding scMliiun hydrogen sylphite solution to one of 
potassium ferro-hept'anitroso spiphide, KFe4(NOy7S3 (see p. I'^'O), in 
alcohol and allowing to stand at the ordinary tein])eraturc Ar a couple 
of weeks, 'the salt separates as yellow, inicrosco})ie needles, insoluble 
in cold wat(T. Acids dissoh(*the salt readily, and boiling with water 
efh'cts the precipitation ol‘ b'rric hydroxide. 

Potassium ferri-disulphite, K3Fc(Ji()3)2S04, results wlicn a solution 
of potassium rerro-heptanitroso sulphide is digested ut 4 “ C. witli 
sodium kydrogen sulfihile lor about a UKUilh. ll yii lds lustrous, dark 
yellow halli'ls which are praetreally insoluble in cold watiT, but in 
boiling .I'vater .iU'e deeomposed, yielding lerrie hydroxide and a soluble 
1'eri‘ie salt. 

Potassium ferri-sulphite, KF('(S()3)S()4, is prepared by the action of 

J iotassium hydr«)gen sulpluti' upon ferric ammonium alum. It crystal* 
jses in slender neislles, which ar(‘ sparingly soluble in cold water. With 
hot watey. ferrous and potassium sulpbati's pass into solution, leaving 
an insoluble yellow residue. 

“Ammonium ferri-sulphite, NH4.Fe(i50.,)S04.]F(), may be obtained 
by treutmg ferKe ammomum alunrwilli ammoiiiuid hydrogen sulpliite. 
It crystallises in slender, \ellow needles wliieli are but sliglitly soluble 
"S-rpcoid and hut water, Ih'oilonged boding decomposes tlu' salt. 

Sodium fem-disiilphite,' Na3Fc(S()3)2S04.(>ll2(). may be j>repar,i'cl by 
, digesting a solution of sodium ferio-heptaiutroso si'lpliid(‘ with sodium 
hydrogen sulpliil(' for Si vend days. It eryslallises in flat, yellow 
prisms, anil elost'l^ resembles' the eorrespivuling }>otassium salt. 

S^Klium hyilrogen ferri-tetrasulphite, Na2H2Fe2(S0.,)4S04.2Il20, 
results OK dissolving IVeslily prei ipitatv\rferric hydroxide in a concen- 
trated sc^lution i>i sodium hydrogoii sulphite and suliihureus acid. On 
- conccntr^ntion oV'T sulplyiric arid a cry.sfafline mii:ture of this salt 
with the preee^ivg i'«’ obtained,, and separation is effected by treating 
this mixt\iri' with a solution of sodium hydrogen sulphite. The .salt 
'Crystallises out in bright, olivi'-grecn iieedh o 

^ Car|H'nt<'i, Ttant, ('Innt. 1 {K) 2 . 8l. 1 . 

'■* Am«. ('him I’hys., 1SU2, (3), 65. 222.' 

^ Seo p. 1 ( 18 . Act'onluig to Uuigiu't {Comfft, nitd., ^9, .> 87 ), tlu' reaction is 
^ . FeJSig.^-FeSt^-pFovSeVtStV 

* Kooiie, Pogg, Aunalcn, 1844, 63 , 444 ; Seubert amt Kltcin, loc. cH. 

‘ Hofmann,, ZeitwA, n»orf CAcw., 1807, 14 . 282. , 
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Ferfoin sulphate. — i'he usual formVf this salt is the lieptahydrate, 
FeS04,7H20, which is obtained when iron is divssolved in dilute sulphuric 
acid and the solution allowed to crystallise. The, crystals belong to the 
monoclinic syltem, and ‘owing to tljeir green colour the salt has long 
been known as grl^f vifrioL The density of tin* })uie salt at 14-8° C. is 
1*8987,’ and at 15^ C. 1 ■HOOi OOl,^ and it fs slahlo in contact with a 
saturated solution of Tefrous ^uljdiate up to .50*0 ’ C' which is the tran- 
sition point of the hept^- to the tetra-h5nlratc uiuh r these conditions.’'^ 
It occurs naj-ivc as the mineral hu'luolcnte /which may 

crystalline, bii^'is more usually nkiAsi\ e. Mixitlt crystals# of the 
heptahydrates *of ftn*r()us and cujiric •sulphates occur as ^jusinnte^ 
(Fe, Cu)S04.7ll20, in the form of b^ic transparent crystals. Jloth these 
minerals are isomorphous with Boot^ife, (’uS()|. 71120.’ ^ ./ . * 

Drainage water from coal lAines is frequently eliarged wifli ferrous 
sulphate \‘onscquent iqxm the oxidation ofjiyriles in the coal, and 
upon evjijioration yields the impure salt. The s.*4t is nadily obtained 
in a pute state by cii.ssolving i;leetrolyti(^ iron in dilute sul])huric acid 
and allowifljf to (;rystallisc, preferably in an iin rt atmosphere, l.om- 
mereially ferrous iidphate is obtaine(l by^ exposing heaps ol pyrites to 
the oxitljsing action of the iiir. l^Vrrous suljihate and Irc'c sulphuric 
acid drain off into tanks, the^aeid being-ncutralised uith scrap iron : * 

*. FeS^ I 70 1 llgO^Fe.SOj | 

' li^SOifFe. FeSO, I II2. 

The salt obtained in this way is not jniia', but contains sinali (plant dies 
of ferric sulphate' and the .sulphates of metals such a^ mairgaiieso 
naturally oeeurring in the* pyrilc's. Copper siilphati* is removed by 
allowing tiu' licpiors to remain a suHieient length ol time in contact 
with the scrap iron, the copjier being preeipdated out : 

* CuSO,, I'Fe -FeSO, i (-U. 

Ferric sul[)hatc is reifioved by re-erystalli.sation. but small (pia<ftitU‘j{ 
of the other salts rei^ain. * * . . 

When exjioscd to the air the ordinary eommereial salt gradually 
oxidises, yielding a basic .salt. It is easil'^ c^ried, houe\'er, by [)owde^ 
ing and repeatedly pressing lx tween .the l(4ds <»t lilted- pa[)er. It is 
^j*hen (/uite stable in air at la"" C. an<^neilh(‘r oxidises, eiJloresces, nor 
dtliqiA'secs.^ When*heah‘d hi ehh^roform va|K)ur fi mixture ol lerrons 
an^ ferric chlorides is produced.’’ • • 

The salt melts at i)V C.’ •When heated in vaemn ferroim suljihatc 
heptahydrate un(h*rgoes dehydr^ition, six molecules of wat(;r licing 
removte^ at 144) complete dehydration bein^^ effe.**teel at a^ightly 
higher tempcrcft^rc. VVdicn heitted in a tube open at both ends, Venous 
sulphate begins •to dece^impeVse at >.50" C'.,* yieldyig ’^el-ric sdlphate, 
FCj(S04)3,* and at higher itom|»eralmres,* in t^Je preseife^ of «ir, fciVic 

^ Androiu:', Zt'ilficJi. ]>liy'*ik<if C/unt., till I, '^6, IlM. 

» Uetgers, 3, 2SD. • % 

* Fracnckel, Ztibich. anory. ('fum., IVM)7, 55, 2,2-i. 

* For cryf<tali<»gra]>hio data, p. 2.'>. * 

* de Forcrand, Cornpt. rcn/l., liy.4, 158, 20. 

* Con4tichci ibid., 1914, 158, llV). 

» Tilden, TraM. Ck^m. Soc., 1884, 45, 206. ' ’ . 

* Hofmann and Wimjukow, Met. Chem. Eng., 1912, 10, 172; BuU. Anur. InsL Min, ^ 

png,, 1912, V88®* * 
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^ * 4 f' 

oxide results. Its coefTicient of fttpansion per degree C. rise in tempera- 
ture Ms 7-2 X 10 ^ , 

Its specilic heat is as follows : — 


• I 

— r ^ , 

Trinj)r- rat lire iilango. 

Specific Heat di 

It 'C. 

« 

0 

x 1 

1 

‘ 7.S Pto 1 2‘2 

0 ‘292 dbO OO‘2 

'’f5)() () „ f ‘2‘i ' 

0-‘2.‘U J:0 ()0‘2 

190 0 „ - 7H-4 

018‘2 ±0 004 

*■ <( 



V * 

and its niolceular specific heal hel wee'ii ^2*2” and 45*^ ('. is 1)G ‘2 calories. ^ 
Tile heal of hydration of tjie heptahydrate is 1912 calories,^ and its heat 
of solution IS — i;i2G calories at ('."* * t ^ 

(d'ystals of the heplahydrafc j)ossesS the same va])ouj;,.t elision at 
44’01'^ (\ as iiKi^mesiiini sulphate, iMgStX^.TlUO. Jlelow this tempera- 
ture tlii'ir dissoeiation pressure is^ gnaiter, and 'abov(‘ it is less, 
than that of llu' inajpiesiuni sall.^ In’' the ease of zinc Ssdjihate, 
ZnS()4.7ll20, the eqiiilitiriuni feni[)erature betwicn the two salts is 
lO^*^ C.'‘ ■ ‘ , 

^Kxapiination of IV-rroiis siiljihale crystals by X-ray methods indicates 
that the sesa n moleeult's of \\at(T are not symmelneall}' dispos(‘d or 
eipiiva^eul in tlieir structural relations to the otlu'r eonstitueiits." 

'file heplalivdrale is (hmorphous, a rhombi(‘ variity oeeurring in 
nature as l(turi,scitr ^ in a more or less impure condition. It has not 
been isolated in a pure condition in tlu' laboratory, but HamiiK'lsberg '* 
^obtHihed it m association with rhombic magiK'sium sulphate. 

Kx])erimeut shows that crystals of magiu'sium sulphate hepta- 
hy<lrat(‘, Mg.SOj.TlIoO., will hold up to 1!) pe r cent, of ferrous sulphate, 
K'eS 04 . 7 n 20 , m solid solution. Novv^ the pure magiu'sium salt is 
rhombic, and has a di'ieily of 1 '377, whilst the usual form of ferrous 
sulphate is uionoeliuie. di'iisity I nSUS. The mixed crystals, however, 
are rhombic. Determinat i<)n of their density shows that it is not the 
mean value as S'aleulati d '^from t,he densities <4* the (‘oiistituent salts, 
but is slightly less. ^ lu other w.u*ds, it ajipears that the magiiesiiiiiT 
sulphate is mixetl with fj ternnis sulphate of, density 1 87.5, rhoinbi'e 
iiuform, and too uustaldi’ tot-\isf .alone w^ien quite pun uiiih r ordim.ry 
coiu^tions. Siuiila»;l\ crystals of ferrous suljihate heptahydrate can 
liold 54 p<‘r eeul. of magnesium, sulphate in soliit sorutjpn. 'fhe mixed 
erystal.s-are, in .this (mso, monoeluue. and tiu'ir ilensity ijj greater than 
^ the inemi ealeuhited froin the densities 'blMiie constituents. It w'ould 

' AndroiK', pftysdoL f'Intn., tall, 76, 4,'9.. i* 

* tlacksun, Anur. *Sw., 11)12, 34, 1470. Kolk and Arc-aine {Atti /?. Accad. * 
t. fAnCfi, 15)111, (i)), 25J. li 105)) givi’ ttn' moloi^ylar ln*al a? 02 147. 

• Cotien, Zfihch. pfiysik al. lOOjf, 36, a 1 7. 

* do Kororuid, Compt. irmf., 15)14, 158, 20. 

^ RoUa, /!«» l{. Acrnil, /ams f, 1011, (5), 20, \ 12. ' 

• UoUa atul Ansaldo, ^012. (r»). 21. i. 272. ^ 

’ Johnstai, I'htpnkai ZtAsek., 101"), 16, 200. Coinparo p. 70. 

* Sc« p. 2re' Hlaas, y/onaAtA., 1H83, 4, 833 

• R&mmclstMTg. Pogg. Atinaltn, ISM, 91, 321 ; also Volger, Jahrb.. Min., 1855, 

152. , V ^ ‘ ^ 
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• • . * . • « 

thus appear thaft in this ease the ferrous sulphate js associated 
with a monocljnic vtiriety of magnesium sulphate heptahydrato, 
of density J-691, but which is tod imstjibh' to exist alone 
in ordinary • eireumsytnecs. Ilevee tjie two Ji(‘ptahydrat(‘s tire 
isodimorphoiis.^ ^ ^ • 

The hej'ahydrate^ nsults <m passing- liyilroi^a ti ehlori^h' 

into a saturated solution of feia'ous sulplialV. Kernais chloride sejiarales 
first, and, coiiceptratiii'^ tjie mother li(p]or, tabul:ir crystals of ferrous 
sulphate hexahydrate s(‘parate out.'- • ^ 

• When a erystij of copper sulphate/ ^.uSOj.a I LO.'ff, introdifeed into 
a supersaturated sofution of ferrous sufjdiale, trielinie crystals of tl^p 
pentahydrate,^ FeSOj.SHyO, sejiaradt^ <^ut, isonioi;()lioiis with the eo[)per 
salt, and of density 1 -89. • • , ^ • 

The yentahydratc may at-^o be obtained by allowing a,n acidified 
solution of ferrous sulphate to concentrate in^acuo^ 'flu‘ heptahydrate 
erystalliftos first, ne^t the*p(*ntahydrate, and hi«dly the fetrahydrate* 
FeSO,,. tlloO, the relative proportions oT these hydrates (kpending u])on 
the amount of free sulphuric aeitl in solution. 

The tetrahydifite is also formed wlun the lu'ptahydrate is kept for 
several ^lays over eoneiaitralVd sfiljihurie acid."' It is nionoelini(“, and 
isomorphous with the eorn.sponding hydrate of manganous snljihate, 
.MmSOi.tHjO.^ Its limits of stability in eontaet whh a saturated 
soiiitioii of ferrous siilpiiate are ('. to (M F’ Its, heat^of 

solution at Ib-a’ ('. is 1590 ealorirs,' and its moheular heat is 
0J3'587 calorics.^ • • • 

The irUiydraf(\ FeSOi.bll.jO/' and dihydndr, FiS()^.‘Jl!/),’^ have 
also been olitained - the former, by sohdion of 1h<‘ he ptahydrate in 
concentrated hydroehlone acid; Ha* latter by separation frean^a con- 
centrated seelution of fe rrenis sulphate' e*n addiliou^of sulphurif* acid 
in small ejfiaid dies at a time. Tim e\iste'nee- of this latt'i'y hydrate 
is clearly inelieated by a break in the* t itm^dehvdral ion curve' at 

100^ e'.'i ‘ * 

Tho jfwiKihijilrnk', l''<S(),.If.,(), wciirs in. ii;il lire :j'. Ilif mineral 
f(>rr(hpn1J(i(lif<\ in Chili,*" and results when the* he ptahyelrate' is hcat<*d 
to 140^ C. in vacuo, or is allo\\e*d to e llle re^e'e' for ))rolong('el perie>dsjja 
dry air,*'* anel by passing air. drn el e)\4r snl|fliuri<' aeiel,*o\ ( r the hepta- 
liydrtfte at 100" C.*^ It also results bringing the he ])iahyelrato into 

Sc*' Mkpm, }fut<Ktli>/ij mill. 111 . I'KiJ), p 2 :ta.*«l''(i llct-iif.-, Z’ll.di p/nj>lLiiL 

Chfui , 1889, 3 , 497 ; 01.ia«, In’ nt m ^ 

® He'iisgcii. /ifr, ISTS, ii, 177'), J»U<» «1<' li<usli,»n'lt.tn, AikP (4), 

1 8 , 2 ,jt). 0 0 0 

® Mangiuu’, l^oi. Muift, (5), 9 , II , l..h l»ig aiiU K>n)\>, Am- , 18117, p. l.’)2. 

* Marignac, l^r. nt. , • • » 

^ SchanzeT, Zatur}^ » 1898, 30 . 299 ; Forci.inH# (^niipl imuL, 1914, ^ 

158, 20. ' 

Fra<*ncke'l, Zeitsrh. 1907, 55 , 229 

1841, I, 201. • 

’’ <Ie Forcrand, loc. rit. ^ 

*' Redla anel Ae:cam<?, A tit Tt. Acrnd. /^in* o,l919, (.7), 22 , li 109 

• Kemc, Aypinlcn, 1890, 19 , 7 ; Kuhn^. Srhu'fvigtri ./ , 1.891, 6i. 2.{.7 

>• Bonsdorff, liirtcht Verfiatnml. <h iit .\>itiirfmHdt A>'rJr,tJ'rn<f, 1897, ]>. 124; Poyfr. 
Anruden. 1834, 31 , 81. • » 

Hamayf J. Chtm Soc., 1877, 32 , 381 
** Schanzer, 'Zea, Knjd Min., 1009, 37 , -720. 

** 8 cUv» 2 «r, loc. (^t. 

Hannay, J. Chem. Soc.t Hi7^ 32 , 3tM). 


[i'(»iiij)arc la L^^iault, (Jhtrn. 
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contact with sulphuric acid of concentration not less than 12*5 normal,' 
and by addition of concentrated sulphuric acid to saturated aqueous 
solutions of ferrous s)ilf)!iato.‘* This is conveniently effected by dis- 
solving 400 ^^rarns of the jnirc hepfahydrate irf ^00 c.c. cf 50 per cent, 
sulphuric acid on tlic water-bath. * Almost immediately after solution 
is com})lct(‘, tlie inonohyAratc separates out as a white, crystalline 
pbwdcr. It is dried witli alcoliol and ether, and Tinally over sulphuric 
acid.'‘ Th(‘ salt is permane nt'' in air, and is ;iot hytjroscopic. It is 
useful, tlvcr't Ion', for futandanlisinjr permanganatv; solutions for volu- 
metric analysis. * It dinars moit, tenaciously to its copibincd water, but 
may be' made to part with itd.o a small extent by heatinfj to 100° C. 
in a current of air dri^d over phosphorus pentoxide.^ The sugjrcstion 
has vt-hcrcforc been made (see p. ifo) thatrthc salt is a hemihydrol of 
the formula 


It is stabh* in contact witli ferrous sulphate solutio^i at tiunperaturcs 
above Ot t' C., which point* is the transition Uinjierature in these 
circumstauecs brtween the mono- and t('tra-hyd rates.'* Its luat of 
solution® in wa‘er at Id -5'’ C. is 75d8 calories. It absprbs ammonia 
vapour, Ww pcKtammoniatCf FeS 04 . 5 NlI;,.ll 20 .” ' , 

‘ The V/n//^r/?o?/.s‘ salt, FeSO^.^is extremely diHicult to prepare in a 
state of purity. It results, more or less contaminated witli a basic 
sitlt,® wlien afiy hydrate is healed in vacuo to a temperature somewhat 
abov(' 140 ’ ('. It is stated also to result when the heptahydratc is 
dissolvi'd in eoneeiit rail'd sulphuric acid.® It then separates as miero- 
scopiQ ■ prisms. It is white in a]>pearance, insoluble both in alcohol 
4ind in concentrated sulphuric acid. Its heat of solution ®,m water is 
14,901 calories at 18-5° C. Density 2 841. At dull red heat it decom- 
po^cs^vieldiu" first a ba'sic sulphate and finally ferric oxide. Thus 

• ‘ 2 FtS 04 =Fc;(\ fSOg f-SOa. ’ 

Ferrous sulphate readily Missolves in water, and if acidified with 
dilute sulphuric acid the soluViou is fairly stable in the ,cold.® 
Exposure to flight acei'leratcs its*'ratc of ftxidatiov. The solubility 
ferrous sulphati* in water has been determined at different temperatures 
by* many invest igators,*^’ the*‘most recent .and reliable work being tKat 
of Fftenckel,t who gives the following data : — 


• Ktarxi, (Uymft. rrmf., IS7S. 87, 502; Krt'inin, 'Urns. Che^i. .Sor., 1888, 20, 468; 
liP8Ca)Ur, ituii. (%m. Phvfi., isfil?, (7), 19, 213, 416, 5*37 ; .Soott, TraSty. ('hem. Soc., 1897, 
71, 504 ; h\Tvntiiw Jhdl. Soe. chw,., 19 M. (4), 13, :^2., i 

• Florentin, lor. cit, c 

• Hannay, J. Chrm. Sor., 1877, 32, 31M1 

\ HVaenckel, Zettjtch. annrg. ('hem., lOQS, 55, 223. 

• de Forcmtul, ('ompt, rend., 1914, 158. 20. 

’ Peters, Zetlsch. anorg. Chem., 1912, 77* t'tb ’ * 

• Bolaa, Annalen, lS74.‘i7i', 106 ; J. Chem. Soc., 1874, 21, 260. 

• Warynski, .4«n. Chvn. ancl, 1909, 14, 45. , .« 

So» EUkI, CeAiipt, rcm/., ■ 1888, 106, 740; i4n/i. Chim. Phyi., 1894, (7), a, 
603; Mulder, jSrA/ijlnmrfjjfe VerhandL, 1864, III., (3), 141; Tobler, itfinakiM, 1866, 

SS.JM- . > * ■ ■ 
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Thtse Ksnlts arc sho>\Ti prapliically in fig* 0 , At 25® C. 100 grams 
of saturated* solution contain 22-98 grams (0 1508 •mol. ^ of 
• * Wirth, Zei^ch. angemChfm.y 1013, 26 ^ 81. 
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The density of a solution of fcitoiis sulphate, saturated and in contact 
with crystals of the salt, at 8*9° C. is 1;1949.^ * • 

The rate of oxidatjoii of ferrous sulphate solution upon exposure to 
air is proportional to the partial pressure of ttie oxygen? Hence it is 
reduced by adcjitfon of eoifeen I rifted solutions of ^nert soluble salts, 
such its chlorides i^tid suljjtiates of sodium, potjissium, and magnesium, 
(fwiiig to fla ir presence eartsing a decrease ni *'thc sohibility of the 
oxyn'^'u."' The oxidation depehds upon the un-ionised portion of the 
dissolved siWt. * * , 

Feri^ius sulfimte undergo^. hydrolysis when it^y solution is boiled 
with p(j4assiiim iodide iind iodnte. Thus : — 

.3FeSO, [ 5KI 1 KIO3 | all/T-3Fej;OII)jj4 f 

The excess of iodat(' then oxidises the Verrous hydroxide to»thc ferric 
condition.'* , , 

(;Fe(01I)2 I KIO^ I 3lIoO=Kl [ 6Fc<OH)3. 

Ferrous Sulphate as a Reducing Agent. — Ferrous sulphate is 
frequently used as a mild i;edueing agent. Tims,* auric chloride is 
reduced to the metal in aqueous sohitiorl a reaction made use of in 
photographic toniiig:- - 

Audy 1 3FeS0|“Au-| FeCljH Fc2(S(),)3.‘ ‘ 

Silv(‘r salts are siirnlarly reduced to the metal ; thus : - 

Ag,S(), 1 2FeSO,^-2Ag-}-Fe.,(SO,)3 
and 

^ 3AgNO,,4-3FeSO,--:3Ag f Fe,(SO,)3 f FelNO^).,. 

These rgvetions with silver are particularly interesting inasmuch as 
Landolt ^ finds that tlw y are aeeompani(*d by loss in ^veight grttiter 
than Yhut attributable to experimental error, and suggests that the 
atoms lose a small portion of thek* mass in the reaction, the detached 
particles passing tliroiigh the walls of the containing vessel.^ 

^ Under the inthienet' of^lighl, potassium ferrieyanide is reduced to 
ferrocyauide by*ferrous sul^ihate in alkaline solution (see p. 22 1). ,, ^ 

Potassium* pernupiganati' is irstantane()iisly dqcolorised by ferrous 
sulphate in acid solutiyui, being reduced t«' manganous sulphate. 
Thus:-- * ^ 

. lofeOj+'iKlInie I 8IIj.SOj^5lM',(Sp4)j I K,,SO,^ 2MnSO,i 8H,0. 

Similar!^’ potasxnim bk'hromatc ' is rcduceij to chromib sulphate in 
accordai^ce wi(h*^he equation : , * . 

t ^ 

efeSO^- hK/rJo, f-7II/O, = KjS0, f 0,(86^.)^ 4 31'V,(S0,), + 7II,0. 

* Sonstadt, Tratuo. Chem, Soc., llWlt, 8^, .34.3. 

^ Knnos, Uroc. Caiub. Phil Si>c., lois, 17, 182. 

* MaoArthur, J. Phy.<iiral Chem., 1916, 20, * 

♦ 8. E. Momly, .-Iwnr. Sn., 1900, (4). 22. 170. 

• Landolt. Zaitsrh. physihtUChfm., 1900, 55. 689. 1 * 

• Se«,8urd^ J\’uo%o CimetUo, 1904, (.6), 8, 46 ; landolt, B<t., 1893, at6, 1820 ; ZeiUcL 
p\ifsikal Ch«tn., 189,3, 12. 1 ; Hej-dweiller, Ann. Physik, 1901, S, 394; Rayleigh, Naiwe. 
^901, 64, 181 ; ^Joly, Traiw. iHoy' DubUn Soc*f 1903, 8, J3. 
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Aqueous solutions of ferrous sulphsite readily absorb nitric oxide, ‘ 
the extent of absorption dependi/ig upon the concentration of the iron, 
the temperature, and the pressure. The Innit of ^absorption is reached 
when one mokiciile of NO is present tp each atom of iron and tlie luown 
solution undoubtV|lly contains the* coinjanind Ft SC^^.NO, probably 
more or less combined wil h the solvent TlR* addit\^>n of small quanti- 
ties of sulphurk* acid to flic solution of Icrrous sulphate' tends to diminish 
the absorption of nitric o^ide, the equilibiiuin represent fd by t he cqiiation 

. FeS 0 ,-[-N 0 _-Fe,S 04 .N(/ ^ ^ 

being pushed towards the left. Further*increase of th(‘ acid, Iflnvevcr, 
assists absorpti(jn, a maximum bvinji^ reached yi the })rescnce of H*I 
per cent, of acid. Under tbese conditions the solution is cherr3^red 
in colour.^ The colour is not due to the formation of ferrous nitroso 
sulphonatc,‘‘ * , 




as assumed by HaV'hig.^ The coinph x skdt F(‘SOi.NO may be isolated 
by adding a concentrated aq*U(‘Ous solution of nitric oxide in ferrous 
sulphate to iee-eold sniphume acul in *an atmosphere (tf nitric oxide; 
the eomj)oundV’rystallis{‘s in small reil leath ts, but js*\ery unstable.''’ 
A second compKx salt of the formula F<'S(),\0 Fc'SOj. I.'tUjU has 
also been obtaim'd ^ by addition of efliyl ale<»hui to jujiieons ferrous 
sulphate in an atmosphere of nitric oxide. It ervst aliases ii^ snitjl 
rectangular plates brown in colour and which slowly d<‘eoni))ose on 
exposure to air. 

On addition of nitric acid to a solution of ferrous suljihate aeidilied 
with sulphuric acid, nitric oxide is tormed, a portion ^ol the lerroifs salt 
being oxidisVd to ferric. Thus • , 

• GFcSO, 1:311, S04-i 2l!N(),- ;iF('.,(SO07i 

This is the basis of^he “ring test ”*for nitrn* a<'id or nitrates, which 
usually consists in pouring a cold solution of h rrous sulphate gently 
down the sides of an inclined test-tube (^i io a layer of eonecntralttd 
^ulphyrie acid, eontiiiiung the nitrat<* .SinN- feme siFlphatc yields a 
^^^d c<jni pound, iiossi^ily Fe 2 (.‘> 0 ,):j- INO, with nitrieyxide ifi the presence 
of concentrated suljihurie acid (s(*e p. IGl ), th(‘«eolonr ot the ring formed 
at the junction of the liquids will* d(‘p(‘nd upon whether t+ie 
nitric oxide compyund is formed in the concent n^tr d a 4 *i(f or iif the 
aqueous layer l¥’ing br<nvn in'the lattiir, but ruddy in the former. 

The dark colour of the ni^ie oxide* derivative nTisy be utilised in 
the volumetric ^‘stiniation yf nitric^ acid, as^ its ajipeajance ^lepends ^ 
upon the presence of c^^cess ferrous jiulpliati* in sijliuion. Further 
♦ addition of nitric acid oxidises tHis remain1|ig ferrous* sulphate and, 
when oxidation is complete, the colour disappears, l^ie discharge oim 
• \ 

* Gay, Compt. r€nd., 1879, 89 , 410 ; Ann. (■him. Phyn., 1885, ( 0 ), 5 , 14.% 

• Manchot^nd Zechentmayer, AnniMen, 1900, 350, .308; Ueher, Zcilsch. pkymkal. 
Ohem., 1908, 62 , 622 ; Hufner, ibd., 1907, 59 . 416. 

• Ma&cholf ZcitscA. angtw. Chem., 1910, 23, 2113. • 

« Rfiachig, ibiH., 1905, 18 , 1281. 

‘ Man^lio^ and Huttner, AnnaUn, 1910, 372 , 153. 

* Manchot and Hkttner, loc. r^. 
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the colour is found to be suffifeiently definite'to enable the* eftd point 
to be determined with reasonable accuracy.^ • ^ 

The formation of this •Ijrown compound can advantageously be 
utilised as a metfiod of detecting /errous salt^ in the presence of other 
metals tliat would obscure tbe ukvc usual ferrieydiji'dc reaction.'-^ The 
solution to ])(• te^^ed is ihixed with an ccpial volume of crincentrated 
!lul})hurie a(’id, and a crystal of ])otassium nitrate a*dded. The last-named 
bceoUK s surrountled with red-brown streaks of^the nitroso compound. 

A mix(M solution i)f ferrous sulphate and cattehcM in the presence 
of an alkali n'athly absorbs ti^cygen, giving a deep red colour. The 
reaction is exceedingly sensit^T, and is recommended as a delicate test 
•for oxygen.'* • , « 

i^'errous suljihate lias been /ised as, a dressing for crops, but 
appareiiAy it*is bf'iudicial only when Ihl* soil contains an excess of lime, 
which is thereby eonvi rted into gypsum. It is this* last-ifamcd salt 
which really beneti^ the soil.'* lA rrous saits in ^fcneral are ‘loxic and 
arc usually regardt'd ;is one cause of steivlity of badly aerated shils. 

The double sulphate with sodium, F(‘S()4.Na2SC),.4]l2T), has been 
prepared by crystallisation of the mixed solutions j%bove t.5'’ C. 

Double Sulp/iote.s 0 / the Tifpe (M,", N")S()4..rIl20, or 
• M"S(),.N''SO,.j'11.2(). 

, Ferrous sulphate yields, with the sulphates of c(Ttain divalent 
metals, mixed salts of the gf iteral tyjie (M", N'lSOi.H^C). They^ are 
prepawal by. mixing solutions of the constituent suljihates. and then 
adding concentrated sulphuric acid, when tiu' mixed suljihates sf'parate 
out on cooling. 

Ferrous copper sulphate. (Fe, C'u)S 04 . 1 f 20 , or ( nS(),.2F( SO^.all^O, 
occurs in yellowish brown crystals which are not hy<rroseo{)ie in 
ordinary hir, but take up waU’r iu a warm atmosphere saturated with 
moisture.** « ’ , 

- The brown colour increases in depjh from both ends of tlu* series, 
the maximum«bcing ri'a^’lied w'itlr 18 per cent, of Iron and 10 ])er cent, 
of copper. The erystjils are pertV‘<*tly homogeneous under the micro- 
scope. When paitly heah*(^ they la eome ehocohite-hrow n and finally 
mauve, but the original cfMour i'f restored upon exposure to air. , ^ 

The origifi of t(|e brown eoKmr has been a yiatter of disc 4 ;ssio 9 ."*^*^ 
The monohydrates of forrous sulphate and e<tp[>er sidphatc arc whhe 
ahd pale blue respect ivaly, So cannot be flu* direct cause of the coldur. 
Neifjvcr is the brow’u diu* to ferric salts or to cuprous oxide. The 
suggestion has lurn made ^ tUit it is the result of iin oscillation of 
electroijs due t(» the presence of Kictals jn different stag^ of oxidation, 

. the co]^er bejng saturat^:d whilst the irou^is*not. » , 

• Ch()%. y.entr, 191!V II., 720. from \^imique, 1918, 8 , 235. Soo also 

Bowman and VV. W. Scott, Jc ind. Etig. Chem., 19ir>, ^ 7 , 706; Bclliicci, .dnn. Chim. * 

* Applicata, 1914, x,,549. 

Blum, Zeiheh. anal. Chfm., 1905. 44 10. 

• Binder and VVcinland, Her., 191,1, 46 , 255. 

• See Boiw't and Paturcl, .Inn. Agron., 189t, 18 , 418 ; Dolacharlxinny* and Destremx, 

Bied. Centr., 1889, p. 9; ‘tirijlith.s, Tranj*. (7Aem. Soc., 1887, 51 , 215; 1886, 49 , 114; 

1885, 47 , 46 ; 1884, 45 , 71 ; Btia.seli, Soil ComlUionJt and PhinKhowth (IxiogmaAia, 1912). 

» Mohr, Z^ii^K. Hnal. CAem., 1873, 12 , 373 ; BUtz, ibid., 1874. 13 . 1 « 6 . 

• Scott, Tirana. Chem. Hoc,, 1897, 71 , 564, ^ 

• Allmaaci,«Zet<«cA. anonp. CAetn., 1909, 6 r, 202. 4 ^. ‘ ' 
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Ferrtus cadmium sufphate,^ • 

Ferrous chromous sulphate * (pale, yellowish green). 

Ferrous magnSasium sulphate,* 

Ferrous m&ganese sftlphate ^ (vt;ry faint pink), and 
Ferrous zinc (white,* well erystalliscfl) .have also been 

prepared. - ^ ^ ^ ^ • 

Double *Sulphaies»of the Type, 

Ferrous siilidiath readily combines^ tvitli sulp!uUc#i of thg alkali 
metals and of jtmiuoiiiiiin to form well-ckdined orystnlline salt! of the^ 

M',S04.Fe!-)p4‘.6lL(). ' 

They are ^ill monoelinie in struetnre and belong to .an exti nsivc class 
of isornorphoiis ^alts of tlie general fornnika . * 

. • M'2Ry4.M"R04.r>Il2(), 

where M' stands for ammonium of an alkali metal, M" for (ferrous) 
iron, cobalt, uiekM, manganese, ^ eoppc i;, cadmium, magnesium, or 
zinc • and R for sulphur, selebiurn, tellurium. (»r chromium. 

Those salts have Ixaii cafic^fullv slmhed by Tut t on, ^’^who gives tlieir 
axial angles aiit^ ratios as follow : 


SulpluKc 


Ferrous ammonium « 
,, potassium 
rubidium 
.. ciosium . 


0 7:377 
0-7:377 
0-7:377 

0 -7*201 


O-tOOO 

0-5020 

0-5001. 

O-tO.W 


100^ 50' 
lot ;3‘2' 
105^^ U\ 
lOO'^ 52'* 


R will bo observed *that if the ammonium^saU be exooptcfi^ tjif 
axial angle stoadilv yiereases with the molecular weight . On the other 
hand, the axial ratios of the first three salts are very cl(.^(^ the ciesmm 

salt here proving exceptional. , 1 .-r 

In the following table are given the densities and nmjeeular volunlfs 

the*salts : ’ ^ , r *- 


^ SiilphaU-. 

M'.l'-.'ulHr 

fti-n.Hitv at 
» 20 ‘'C. 

MoU-cular 

Volume. 

• 

Ferrous amippAium . , 

„ potassium . 

,, rubidiunf • 1 

ca'sium i •, 

USO-.Ti* 

, 431 K) 

, 5‘.J3;!6 

017-20 . 

1 - 8G-1. 

■41 77 * • 

. ,2 -51S , , 

2- 7»0 . ] 



•2OH-80 
19'C05 
;•* 207-81 

220-77 

• 


‘ Retgem, ZeiUch. phyM Ghew., 1805 . ^ .W> ; Stort^-ntn-kc-r. fhut., 1000 . 34, 108 , 
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It is int(*r('stir\i> to note* that by interchanging rubicfium for 
ammonium very little alteration is offectcd ift the |;nolecular volume, 
despite the fact tliat two atf^nis (Rbg) now take the place of ten ( 2 NH 4 ). 
The densities steadily rise with t^i* moleeidaf ^wei^ht, imd the same is 
true for tli<‘ /luJeeiilar \a)linne if the ainnuiiiium sal^*l)e excepted. 

The solu))ililie» ol' the^alts in water at 25" are .as follow : — ^ 


k • 1 


'.ilcri ( Jonie; of Aa- 

Sulphite. ! 

|i<‘r Lilrc 1 

i»{ 1 hvdioiiN Suit pri 

• • • ^ ; 

f 

VlSitrr, 

! Pitre of IVivU-r. 

1 r 

! r errous ammomuni . 

LOU 

1 

1 651 

^ * polassinm 


1 .’365 

,, nibidinm 

0 579 

1 ■' 2 12 ' 

• • • i 

,, ea-spim . . 1 

« 

1 067 

,1 1011 j 

1 I 


'i’he liit^li soluhilily of IIk^ easiiim sail is nderexiiiiL; ni \ a w of the 
low soluhility of h rrie (aesium alum (see j). Ihl). 

Ferrous ammonium sulphate or Mohr's salt, lo S()^.(MI,).,SO^. 
CllgO, may he pia pared by adding a saturated solutaa of ammonium 
sulphateal M) (', to I he rtajuisile (piaiitily of h rrous siilpliati dissolved 
aho at *'10'" (' , m t he smallest amount ofuati r. 'I'Ih sdIuI ion, on cooling, 
deposits an a.huudant crop of pah* gnaai er\ slats, monoelmie,'^ and of 
density' l-MUt at 20'" ('. 'fhe salt is kept dry by pressure between 
niter papers. 

Ferrous ammonium sulphate is a stable salt at ordinary t emjx ratures, 
and i»'s solutions m th<' cold do not readily ovidise. lienee it is largely 
used in the laboValory for standardising solutions ol potassium per- 
manganate for Nolumetrie analvsis. Iis sohibililv m waUr is as 
foJ!oi*s: ^ ‘ . 

Temperature, * (', . . 0 1;V K) 50 70 

Grams F('S()i.(NII,)^S(), in 100 

,u grams II jjO . . . . .12 5 20 -0 .‘t.'TO K) 52 

*' » 

According to Locke.'’ 851 gr;;ms of tin* anhydrous salt dissbha' ifhs 
one litre of wate r at' 25"^('. ‘ * 

^ Tliese solutions reaefily ^absorb nitric oxide m a precisely sinWiar 
maiijner to those o(,pure b i-rous sulphate.’' 

Ferrous Votussium sulphate, F(;SO,.J\.^SO^.(;H./^), may be pre- 
pared in a similav. manner to tlu'^immonium salt, if yields monoelinie 

crystals' of deijsitv 2 It^O. Its solubilitvA’n wsiter is given as follows 
' ‘ ^ '<*■ 

Teaiperalure.^^'tk . 0^ 40 l^i y 25 ,’35 40 55 70 

Grams TVSO^.Kj.S()^ it ^ ^ 

100 grams water . . 19 0^/2 1 -5 00 -9 ,’30*5 41 15 56 64-2 

• Lwke, Amcr. Ch(m. IU 02 , 27 , 455. 

• Tobler, Anualen, 185^ 95 , 11)3. This tigi^re is of duuhtfu) ucouraev.*' 

• Class No. 0 holotiedral ppsmatic (Baumflauer, 1873, 150 , 019; con- 
firmed by Tutton. /or. ri/,). *’ • • 

• Toblor, he. cit.' These data art* of doubtful accuracy. • 

• Looko, Amer. Chftn. J., 1902, 27 , 459. * 

• Tobler, /cr. cit. « 4 ^ * ' * 
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• 

Thes6 rfata, however* are only appioximatcly correct. From the 
solution of this salt in water three definite liydrates can b(‘ obtained 
according to the temperature of crystallisation. I'his is well illustrated 
by fig. 7, whif’c the vcitical column gives the 'solubility of the salt 
(expressed in the (fiijiiufl memoir as {.e. of’KMnOJ.^* 

The dihydrate is^eolonrless, the Icirahydrcic iainijv green, and the 
Juwahydrate distinctly* grern. Tin* tran^*ition ti-mpcralures arc asi 
follow * • . 

• • • • / 

F(S(),.K^SOj.(UI,0- 'FeSOj.K.SO.lTI.O r^lJ.Oat .‘10" C. 

• KcS(),.K2Sf), ,411.0- KeS(),.K.;SO*‘2lO() j 87^’ (♦. 

FeS 04 .K,S(),.(jFr/), IVS(),.K ,S0,/2IF() 1 Hljo at 54" 

• • • " 

The tetra- and di-hydrat(»*> may i^so hr olitann'd bv irystallisa^iion 
from solufmns containing \aryiifg (piantiiics of sulphuric Acid.-* 



TEMPERATURE 0 

• • Vir.. 7 ^ 

• • . 

Ferrous aluminium sulphate, l’< Stb- AL(S(),)(.2 III ,0. ocdirs in 
nature as halotridnte (sic p. *25), and nia\ l^e jirepart d in ilic labnralo^ 
by I'onecnl rat ion of a. sohilnai coiit^iining* b'l'i’ous afid aluminium 
X^dphaTes in c(|uinn)lecular proportiyns. At lirst Icrryus sulphate 
c^stallises out. but fins js fullowid by tin- duiibli' -JJtdt.* 

^Thc salt is washed with alcohol and ctjier. It is whiti in colony, 
but exhibits a green II non si a in'!*. It melts on warmup/, and dteoiuf^yscs 
to oxides at high te^nperatnres# , * 

The salt ha'f also Ixcn found as an elllon seenei* on ly-ieks whieh have 
been contimionsly ex})osed*to .*tidj)lmr dioxide iil bleacinyg ehalnbers.^ 
When the elllorc'tcent mass i^ brokets nj) it exhibits a .Silken orlibrous 
^mass of white erystals not^ u;ilik(» aslAstos in textifri^ wligici* ibe 
|K)j)iilar nanu s of hair sa\i ami feather alum. * 

Basic ferrous sulphate, FiS(),.Fy(). is apjiarditly obtained in^ 

^ Ku»U>r ftn2 Thu l, ZdtJuh. unonj Cfu'v , ISIH*. 2 i, I n» 

* Sec MiUtchorlKh ami liiewstir, J . lH2n,^3,^{4l ; Scnurmunl, Amt. 

Chim. Ph^8., 33. J Mangiftic, Ann .Utn , Is.**!!, (."iSg, 111 ; lanck, Cull. Annnten, 

1796, I, 30. • , j ^ 

* Wirth, Zeitsch. anorg. Chtm., 1013, 26, Hi. 

* PateriioDt TrajvdJ^Ch^u Soc.,jfiQ^, 69, 66. 
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solution when a 80 per cent, solution of ferrous sulphate is electrolysed 
between iron electrodes by a very weak current in the dark. After 
a few weeks the liquid becomes dark green in dolour, but upon 
exposure to light it decomposes, depositing ferrous hydroxide in the 
absence of air. \ ‘ r ‘ ‘ 

The acid sulphate, FcS04.5JT2S04.5H20,2 is obtained when excess 
ef sulphuric lu'id is added to a eoneentrated soliltfon of ferrous sulphate. 

It yields iridescent crystals, 'with a brilliant lustre, but which are 
unstable, d\ cor»i[)osiiig^^at 95 “^ to 07° C. into the monoh^J^dratc. Thus : — 

FosOi.siijSOi.siiab^i-'cSOi.njO+siijSO^.JHjO. 

Other acid sulphates, namely 2Fe0.3S03.2ll20, FeO.2SO3.H2O, and 
Fe0.4S0...yll20, liave been described.’* ' 

The following acid double sulphates have been prepared : — ^ 

' ‘^FeS04.Cr., (804)3.1128014.21120, 
2FeS04.Al.;(804)3.1l2S04, 

2Fe804.2ZnS04.H2804, 

2Fe804.2ZnS04.H2804, and .1 
Fe804.NiS04.H2b04. ' 

Ferric sulphate, Fe2(804)3, is readily obtained in Oie anhydrous 
condition by healing the nonahydrate to about 175° C.,‘^'or by heating 
fem)Us 'or any of the ferric animonium sulphates (see }). 162) for pro- 
longed periods in the preseru’c of ammonium sulphate. 

A (‘oiiveiiieut method of pi’e[)ariug anhydrous f(*rric sulphate eo'u- 
sists in boiling 10 grams of ferrous sulphate with TOO e.e. of concentrated 
sulphuric acid for about an hour. When cold the bulk of the acid is 
pour(i(l off, the remainder being washed away with alcohol and finally 
with anhydrous ellier. The salt is dried in an oven till coiutant weight 
is attained.** Pickering ’ found that it was necessary, in order to 
effpc4 the complete removal of excess of sulphnrie acid, to licat 
until the product assumes a liglit l)iowu colour while hot, becom- 
ing pink on eo'oling, the colour being due to the ]m*seuee of traces 
of ferric oxide'. 

It is, when I'ure, a while powder, slowly soluble m water, yielding a 
deep brown solution. ■’ % 

When heale'tl, foirie sul[)liatc* dissociates into 'ferric oxide, sulphur 
irioxide, sulphur dioxide, jyul oxygen, (‘(juilibrium being tstablisb-d 
if ojjeration is carried out in a closed \essel.* 

Tne equili'oriuui between ferric sulplw,tc and its dccom})osition pro- 
ducts is given by, the equation ; — 

, . Fej(S04)3:.~ Fe203 |8^03, 

^ TiohvlYisky, Chtnjf Sor., 1893, 2$, 311 ; Hull. iS'or. rM/u., 1894, (3), 12 , 851. ' 

■ Eremin, J. Chem. Soc., 1888, 20 . 498, 

* Konriok, J. Diy/sicnl Chftn., 1908, 003. 

^ Etard, Qoini>i. nnd., 1878, 87 . 002. 

* See Rocoura, 1907, 144, 1427 ; Wirtf. and Bakke, Zeitsch. awwj,. Chtm., 1014, 

87 , 13. The temperatures /it wjuch the natura. loinera^eogMimti/e, Fe,(S 04 )|. 9 Hj 0 , losea 
its water varies somewhat with* tlje particular specinwna tested. , 

* Mill)<>^uer^nd Qaadrat, Zeitsch. annl, Chem., 1911, 50 , 601. 

^ Fiokering, Tram. Chem. Soc., 1880, 37 , 807. 

« * Bodeust^ and 8 uxuk\ ZcUmK JSUktrochem., lOl^* t6, 912. 
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'' ' . - • 
and the •variation of the gaseous pressure with temperature is given 
by the expression : — ^ • 

f log p = 1 1 ■8626 - U720fi •5841*. 

The SO 3 itself, of course, partly dissociates, (*|uilibrium being 
established according to the equation • • 

‘2Sb3*^-2S02^.()V 

• • • • ^ 

p therefore represents the total pressure of all tfiree gases, and T lies 

between 038° anjl 7fil ° C. . * • • 

At lower tem})eratures the pressures afe as follow : — 


• 

1 ('injH'rature. * 

• 

Pressure. 

. t'- 

intn. 

_ • 





0 

599 

5:3 

. i 

• ^ 

102-5 

• 


When heated lo 530° C.*in open air, ferric sulpluiif' decomposes 
completely, leufing a residue of ferric oxide.^ Several Jiydratcs 
arc known. • • 

The trihydraU',, Fe3(S()j)3.3ll2(), is obtained as a yellow mass on 
dehydrating the nonahydrate at aboiil 100" C'. In alcohol*!! di^oIveiT 
readily, yielding a solution from which baibnn chloride* is unable to 
precipitate the SO4 as barium sulphate. It is belie ved, therefore, that 
the composition eit the salt is meire e*e)rreetly represented by the foFUjiula 
1^02(803)3. (OlJ)e, analejgous in e^einsl itution te) the* Jree'n e*Jiromium 
sulphate pentahydrate,^ 02(804)3.511,0.'^ It eninbine s with t\>re) mole- 
cules ethyl alcohol to form the eompe)miel Fe2T^04)3.(011)4.(0C.2UW^,. 
the ethoxy groups re|daeing two hydre^xyl grenqis. 

The nonahydrate, ^>2(804)3.911.20, eieeiirs in nature fis coquimbiie 
(sec p. 25) in hexagonal prisms, and as rhoinbie crystalline ])late*s under 
the name of Janositc. It may be pn-jKU’ed myhe' laboraU>ry by evapd^ 
luting » solution eif ferric hydreixieh- in exeass of sulphurk* aeid,*^ and 
taking«to dryness, w4ien a mixture of normal and acid sulphates is 
produced. Upon exposure to moist air, and sifl)sequciit washing with 
alcohol, the nonahydrate, ^>2(804)3.91120, is obtained as viojet hexa- 
gonal plates, density 2 11 6. liee<>ura describes a second’ variety of 
this salt, which Jesuits on allowing the aiiove yellow sa^t to stahd in a 
moist atmosphete for several days. Its empirical composition appears 
to be the samc.'^ * * ^ 

, I 

^ j ,7 » ‘ 

• ^ Kepijcler and d’Aus, ZatAch. physikal ('tu rn., 11108, 62,”^9 ; KcpjK'If'r, d’AnftJ Sundell, 

and Kaiser, ZeiUch. angew. Chf nt, 1908, 532, 577. 

* Wohler, Pluddcmann, and 1’. Wohler, Zt#’r.,'*J90H, 41, 703. ^ 

* Hofmann and WanjuJeow, Mel. Chem. Eng., 1912, 10, 172. KricHliicli {QfyUr. Mtn., 

1912, pp. 174, 20T) gives 705" C. | 

* K^ura, Compl. rend., 1911, I53,*1223b 1907, 144, 1427. * 

* See tbi« seizes, Volume VII. ^ 

* Scharixer, Zeiisch. KrysU Min., 1907, 43, 113. The ratio SOj^FcjO^, should lie 
between 3 and 4 . If more sulphuric acid is present, the acid sulphate alone is produced. 

’ Keooin^, dompt. r^nd., 1^7, 1427. ^ ^ * 
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IRON ANt) ITS OOJtPOOtoS. 

• 

The decahydrate, Fc 2 (S 04 ) 3 .M)Pj 0 , occurs ih natjire as ^nstedtiU, 
in monoclkiic crystals, the crystallographic eleoients being ^ 

a: b: c=t0 394.6 : 1 : 0-4058. §=78^ 7‘5y 

• * * f ‘ . 

It is o))tain(‘(l ;w> th(‘ stal)le solid <ii contact with acidified solutions of 
ferric suljihatc coiftaiiiing*froiii 25 to 28 per cent, of SO^,- or by the 
Combined action of nitric and sulphuric acids on Tcrrous'sul})hate.’'’ 

Ferric i^ilpliafc is slowly sohible in \^atcT, and dissolves more readily 
in th(‘ prescnc(' of ferrous sulphate,^ but its solubility is lowered by 
additiofi of aluiftihium suIphaWi.^ • 

^ Th(* (h'nsiti(-s of various 'concentrations of the salt in water at 
17-5° C. arc given ^ i 4 i follow : • 

F('2(S04);f(pei»cent.) . 10 " 2 C 80 40 60 

Density' . . 1-0854 1-1825 1-8090 i -450C 1-8006 

A neutral solution of ferric- sulphate upon concentration (h>es not 
dciKJsit crystals of the uonahydraU-, but a mixture of yellowish green 
copiapite (see p. 161 ), and the white acid sulphate, Fe 2 (S 04 ) 3 .Il 2 S 04 . 8 H 20 
(see p. 161 ). 

Upon dilution, ferric sulpha,! e solutions readily undergo hydrolysis, 
precij)itates bgng obtained wiiiclu hov\ever, have i^io well-defined 
composition.’ 

A s\udy of the electric conductivities of a(jueous solutions of the 
salt indicates that tin- hydrolysis ])roeee(ls in two stages, embodying ( 1 ) 
a rapid change unaee(»inpanied by precijiilatioii, and ( 2 ) a slower change, 
progressing at a measurable rate, and accompanied by the jiroduction 
of a so-called basic salt.*' Colloidal fi-rrie hydroxide does not appear 
to bj^* formed during hydrolysis.’* the salt thus difhring from ferric 
chloride luid nitrate. 

Ferrle'^sulphate also umh rgoes hydrolysis when its solufion is boiled 
witJt potassium lodate'and iodide.*’* 'fhus : . 

Fc 2 (SOJ;, I 5KM KIO, t 8-Il20-- 2 Fe(()II )3 , 8K^SO, \ iih, 

In dilute solution ferric, sulphate is reduced by nu-iallic iron to 
ferrous sulphatV;.** IneoNtaet with platinum the\eloeity of the reaction 
is increased, hut rise of temperahirc- has the reverse ( rfeel. 

Copper is readiiy'dissoh (-d by ferric sulphate solution, and the action 
is*- not affei’led by light. 'Wu- reacti(ni is jiractieally instai,taneous»^)n 
thc'iurfacV of the metal, so that the observed velocity in the solution 
is govcr,iied by tlu- rate of stirring.*’* • '• 

* lanck, Jahrh. Min., 1H88, i, 213. 

* Tatnoron an.t vtebin.sun, Vtum., lUlh, zil, ft4l. 

Ik'rtols, ./rtAwVr , IK74, 27, 21)8. 

* Nilsbn and l'ottt'rs.wn, Bf ., 1880. 13, 1450. 

„„ * Wirtli and Bakke. Zcitsch. (inorg. Chrm,, 1014, 87, 4*. 

, * Franx, ./. pralt. Chi-m., 1872, (2), 5, •4.74, 

’ Camercyi and Robinson, J. Phy.ucal Chtm., 1907, m, 641 ; R(>coura, Vompi. renrf., 
1906, X41, 108 ; 190,\ 140, 1634, 1685. . 

* WeUs, J. .-iTaiY. Cheih. ,SV.. 1909, 31. 

* Antony and Gigli, Bazzfila, 1896, 26, i. 293. ' ^ 

S.JE. MiM^dv. Awfr. J. Sci., 1906, (4), 22. 176. 

Esaner, BttU, Soc, dW»w., 1891, (3), 6, 147 ; Thorpe, I'rans. Chem. Soc.j 1882, 41, 287. 
t *• Schlued^rberg, J. Physic^tl CAm., 1908, 12, 674^ 
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ivm AND Tte ELEMENTS OF GROUP VI. 

Ferric siilphato is insoluble in coii^ntrated sulphuric acid and in 
concentrated hydrochloric acid. , 

A solution of*fcrru! sulphate in 90 per cent., sulphuric acid forms 
an intense redf solution wth nitric o:^idc, probably -luo to formation of 
a complex salt of Voriluila Fe2(SOj^)3.I-N0, whieli, *lio\vevxr, has not 
been isolated.* * 

Ferric sulphate in*s*)lutioi^ possesses il remarkable power oi com* 
binin^^ with animal or v(‘^etable*substances,‘“ and it (‘annot be extracted 
from the combioAtion by hydrochloric ac^d. Ihwium chloriclc solution 
may be boiled wi^h the compound w^hout under^ojijr any idmnge. 
Meat treated ^^1th ft'i'nc sulphate solution retains its red' eol(tur, but 
•becomes exceedingly hard, so that jt can hardly [)e seratehed with the* 
finger-nail. • \ * 

Numerous basic salts * occitr in natuiH* (see j). 2.5), (*hic‘ii^ amongst 
whieli iiYL'hmarmitite, Fe20.,.2S03.7ll2() ; y/5ru-/i7T//e, F('./)j.2SO3.10ll2O ; 
c(usianik\* Fe./)_j.2S(L.8il2(^ ; a copiupUc, .lFe^()3.8S{).j.27J l.X) ^ or 
2Fe2()j.?5S03.1 iSiuO.^and F<?2f ly.SO^.l 5l I2O. 

Boirifoii^en contains lerroiis and inagiu'sinm oxides associated with 
ferric suliiliatc*, th’is : Fc‘().Mg().F(‘2(SOJ;y ISll2(). 

A basic sulphate, of foriPiula * 2F(‘203.S()., or Fe2(SO,,)3.5Fe20.j,'’ is 
preeijutated from dilute solytions of ammonium iron alum upon pro- 
longed standiiijj,' but no basic sifl])hat(‘s arc formed 1^' mixing ferric 
sulphate solutums with freshly pr('ci|)i1ated feme hydroxide.** On 
hc'ating ferric sulphate stilution m seah^d tubes at 150 ' and^275''''C. 

respectively, crystalline products have been obtained,'* corresponding 
to the formuhe bFe20.{. hS()5.!)ll2() and lOFcoOj.SO.j.ll^O. ' ^ 

A basic ferric suljihate under tiu* name of chaniral sand is used 
commercially to neutralise' the alkali present m waste- seia]) lye*s from 
which the gl\e‘erine is tei be re-ceo e-reel. U is manufact ureel by /ui^diig 
dry anel linvly ])owde red irem ore- (eexide-) with cone-eaityale-d, sulphuric 
acid, and allowing the tluiel mass tee sjire-ad out e^n an iron lleior. When 
sedieAlication has take n'jilaee, the mass is breiken up and lieNit e-eUi«t a 
tcm[)e-rature eif 20()'#to 2S0 ('.•foi hour's, whe n it is ready for 

use, anel consists e-sse-ntially of feme* eixiele- and fe-rrie sulphate-. **' 

An acid suljihate, tcrnie-el ferric tctyasulphate, Ke'2(S()4)3.Il2S()4. 
8II2O, may be obtaine-el by elissohyng ti^; aidiydroMS sulphate Tn 
jll^IO-noifnal suljihurie ae*id. and alleiwiyg the white crystf^lhne; product 
t6 It IS proetuee-^1, together with a eemiaj^te-, when a neutral 

soi'itiein eif feme* sulphate is e*one-e-nt rate-el.'*^ It is soluble- in water, ai^d 
decompeises at 100'^ C. The siTlphurie ae-iel may be- re ylaea-d b>)*sulplgitcN 

^ Mane-hot, 372 , 179. • , , 

* Kohart, ComM. remi, IKMI, 96 , ITO."*. • ^ 

® See list by Arackintosh, Amqr- |S^l>, (:j), 38 , 272. It iH*not tie-re 

that these? are all elelvii^* cornj)oun(i|. , , • •’ 

* Wirth anel Hakke, Zifvittch. (t^iorg. Chan., 11)14,87, \\\ T)iel«iarj^ coi)nij)ite' is termed 
^ a to distinguish it from a similar seltwl^inco failed <-opi^)itc, the eou#j>ositio« of which 

is slightly different, namely, 2lk;^(), .5SO,,lsH/) (Wirlh iffid liakkr’s formula). 

* Scharizer, Zntseb. Kryst. Mui., HK)7, 43 , 4 ^ 1 ; 11)09, 46 , 427. • 

® Pickering, Tram. Soc , 1883, 43 , I 82 ; 1880, 37 , 807. 

’ See p. 104; also Pickering, Tram. Cf^m. iVoc., 19T)7, 91 , 1981. 

® Cameron Aie] Robinson, J. Physical 1907, ll, 041» 

* Athanaaem-o, Compt. rend., 15180, 103 , z7i. ^ 

See Martft, Industrial and Manufadurtim Chemistry (Oryunwl (i.rf>ckwoe>d, 1913), 
p. 123. ' * ' 

Sobaiizei, Ztitsc\ Kryst. Min., 1901, 35 , 345 ; Reooura, Compt. rend., 1903, 137 , 118;;^ 
Komar, Chm, ZeiL, 1900, 30 , 16 I'^irth and Bakke, loc. «<.• • 

VOL. IX. : n. • • 
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of the alkali and other metaR} yielding? well-defintd compounds, for 
which nason tlie sail is frequently tfrnied ferri dlsplphuric add, the 
formula heiu^r i-xpressi’d as Il[Fe(S()4)2]4ll20. When exoosed over con- 
centrated sulphuric acid it sjowly Joses live mdl^;cu|es ()f water, yielding- 
2H[Fe(S04)JJ3rJ2l*l, the sanu‘ ehaifge taking place rapidly at 98® C. . 

t • 

* Dhufde Sulphates. 

Fe2(S(\);j.FcS04.4^NIl4)2S/),.8ll20 is ohtain'ed^ as colourless needles 
when ferrous sjii[})hate is a(j,ded to fused ammonium “sulphate, the 
latt(‘r })eiug in excess.- 4'h^**salt dissolves slowly in cold water. 
J)ensity *2 02 . , 

F(‘2(S(),);j.8(Nil4)2ts()4 results on heating the preceding compound 
in tlie pr(jS('n(^e ol' excess ammonium sulphate. It crystallises in white 
prismatic needhs, of density 2v3l at 14® C. 

Fe2(S()4),.(NII,)2S() ,.is ohtainc-d ^ in a similar manner to the pre- 
ceding sji.lt, tlu' hciOing be ing more prolong('d. ^ It yields liuxagonal 
crystals, of (hnsity 2 t.') jit It® When further heated it yields 
ferric sulphate, Fe2(S(),)j, ;ind jit higher temperatures ferric oxide, FegOg. 

Mixed douhh' sulpluites,' sjieli as (C’r, Fe)2(S04)y.(NII,j)2S04, and 
(Al, Fe)2(S()4)j.(NII,)2S(),, hjive Jilso been prepared. - 

t'erri-Snlphates. 

' Amhioniuin ferri -disulphate, NIIjlF('{S(),)2li i>rei)Jired by heating 
a solution ol' rerne jumnomum jiluni with sulphuric acid for some 
flours.'^' It i.-^ a white crystalline p()wd(T, spjiringly soluble m water. 

The potassium sjill, KlFe(S(),)2|Il2(), is obtained in a similar 
manner.^ 

Trteodium ferri-trisulphate, Na.,|Fe(vS()4).,|8ll20, occurs in nature as 
ferro-nairitt\ in ('hili. It nmy 1 k‘ prepjired by hcjiting sodium sulphate 
decahydVate, Nji^SO^. lOlLO. mitil it nults in its combined water, and 
Uv»iiwlding sulphune jieid and (erne sul}>hate.^ It separates as a v/hite 
substance, which is slowly dissi^lved by wjiter with decomposition. 
The salt nuiy'also be o 1 )t<iined by allowing a mixture of acid sodium 
sulphate and fii-ri-disnlplinri^e acid to remain in contact with a moist 
almospherc for several inpnths, yvhen the complex sjdt crystallises out 
in greenish )yhite hexjigonal crystals. It is completely dch)dratefll^ 
at 190® 

^ A basic salt, 2\5v/).Fe203.4SO.,.7H20, has also been prepared.® a- 

^heUftbarimn ehloridi' is added to sulphuric acid or soluble sulphate 
solutions eoUtaining dissolved ferric salts, the precipitated barium 
sulphate is eoutaniinated with iron, 'fhis has been vaiieusly attributed 
to adsorption pi ferric eompouiuis, and to the formation of solid solutions 
of ferric salt^»and bariu.mhulphate. Smit.h, however, does not regard 
eitjicr of tlu‘S(« ekphinations as . safsfp.etory, and attributes the 
pheuomeuoii to the forhiation of insoluble barium ferri-disulphate, ' 
** Ba[Fe(S04)2l8.‘i'H20, which is adpr.ixed with barium sulphate.’ 

* JjachauU and Tjopiorre, Compt. 1892, 114 , 

• Klobb, Compt. rend., 1803, I17, 311. / 

» Weinland and Enagraberj^ZfifwA. amrg. Chvm., 1913, 84 , 340. 

♦ 8 krabal^^Z<d«c^. anorg. Chfm.^ 1904, 38 , 319. 

‘ Sohariz^. ZritKh. Kryst. Min., 1905, 41 . 209. * Skrabal, loc. dt, t 

G. M‘P. Smith, J. Amer, Chetn, Soc., 1917, 39 , 1152, See also Kvaygifnnw, Zeitseh, 
anoL Chtm., mi, 56 , 225. ^ 
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• ' . Ferric Alums. 

Ferric sulphate unites with * sulphatefi of the alkali metals and 
ammonium to^rielcl well-ildiiu^d crystalline salts of general formula ; — 

• • MjSOi.Kfjlsdijj.'idljO. ’ . 

* • . 

The iron alyins ara iisoniorphous, not merely with one another, bu^ 
with the wide series of sails krt(iwn as aljims of geiuTk h)rmula ; — 

. • 5l,S(),,.Kj(S0i)3.2iH,0, .■ 

in w'hich M may, As Ji)efore, be ammoifiym or an alkali metalf whilst 
JR may stand not merely for Fe, but also for Al, C'r, (’o, Ga, In, Mn,^ 
llh, Ti, or V. All jiossible eombinat^oAs of these Tiavt' not as yet been 
prepared, but such as are iJnawn etyslallise in the euJBie i^stem as 
regular oe^^diedi^i or as combinations of the octahedron and eub(‘. 

The iitternal structure o^ crystals of various aluihs has been studied 
by Bragg’s X-ray m^hodd and the eovelusion arri\ed at is that the 
water of erystallisaliou is nol'to lu‘ reganh'd as in any way distinct 
from the other constituents of the molecule, since its remox al necessitates 
the destruction of The crystalline structuA*. Werner’s generic formula 
for the alums is in complete harmony xyth this, namely 

I in(H,0)Jr.|o;M. 

Sometimes the formula for an alum rs written as 

MH(S(),),. 1211,0, 

indicative of an associated sulphate anion. 'fhe trivalent metal, 
however, tigures among the cations along with the alkali metidf and 
does not enWr the anion. Thus, for example, in th^ ease oj’ the iron 
alums, the iron is one of the posit i\e radicles; it does* not constitute 
parted' the negative radw'h', as in the case of th * ferroeyanides. 
a solution of an ii^on alum gives all the reactions of a ferric salt. 
Haoult has shown that the moleeuhir depresston of th(‘*freezing-point 
of water by to (piote a specific example feme potassium alum, 
namely 85*0 C., is practically identical uflll^the sum oi the molecular 
;rlepres^ons produced sej)arately by potassium suljiha^^* and ferric 
Sulphate, namely 82#1“ C. •In aijueoTis solution, therefore, the alum 
a^ears to be dissoeiatccrinto its constituents.^ ^ 

The refractive indices for Uic l)-linc amf densities of tlu iron a^ims 
are as follow * * * * 


• 

Alilm. • • 

. • \ 

ll<Trttctivc Indeic. 

• • 

• . 

Ammonium . • § • 

Potassium . . ^ . 

Kubidium .... 

Csesium 

Thallium . . . • 

• • 

1 •4848‘> 
1-48109 

1 48234 
k 1 -48378 

% 1-52305. * 

% 

• • • * 

1718 , 

• 1 806 

1- iB6 

2- 001 

2 385 

* # • 


^ and Schjeldenip, Ann. rhjfstk, 1917, (2), 54 , 146. 

* lUotdt, rie^L, 1884, 99 , 914. • ^ \ 
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The refractive index is seen H) increase with the •molecular “weight, 
except in the ease* of the iron ammonium alum*^ ^ 

Tlie solubilities of the-aliftiis in water at 25° C. are as follow : 



4 . . ^ ,, ^ 

♦ J 

IJram-molecules dm- ^ 

Grams of (Anhydrous) 

, Alum. , 

solved per LiUe 
Water. 

Alum per Litre of 
Water. 

_ % _ ^ . 

f f, 


• 

Anmi(Jniuip *.* . . . * 

1-659 

• 

,, Unbidiuni . , . * . 

0-293 

97-4 

Caesium 

• ()045 

17-1 

Tlfidliuni . ^ . . . 1 

• ()-Y99 



The relatively low Solubility the eieslum sfth is reinark,!iblc in 
view of I he ;^rreat solul)ility of ferrous ea^iuIn sulj)hiite (see p. lob). 

Ferric ammonium alum or Iron ammonium alum, (M 1^)2804. 
Fejj(‘804).5.21-ll2O, has Ixan obtained by eleetrolys^ing a solution of 
ferrous sulphate and ammonium sul])hate.'* 'I’he eatliocle consists of 
})latinum wire immersed m a<*i(lilie(l ferrous sulphate* solulion eonlained 
in a porous jxd. .\n acidulated solution of ferrous aipl ammonium 
su^phak’S surromids the p(»l, and is eontanud in a platinum dish which 
serves as amah'. A current of O-OV ampm* is ])ass('(l through llu* cell, 
mid aft' T several hours ervstals of the alum are deposited round the 
anode. 

A(iueous solutions of th(‘ alum rapidly beeonu' turbid wIkii dilut(‘, 
although eoms'ut rail'd solutions remain clear for several months. 
Addifion of amnu>nium sulphate increases the hydrolysis, whilst sul- 
phuric add ('Xerts a imirked retanling inlhienee. 'riie*^ precipitate 
coi^jj^ts of a basic sulphati' of iron. and the hydrolyigs is 

believed ^ to follow' tin' eours(‘ indicated, by tlu* eejuations : 

2Fe2(S04), I 2(\Hd>S()4’| 51120 2F< 20,.S()3 f rdl.SO,, | 2(Nll4)2S04; 

OIV o.xpressing the change ivideally : 

4Fe* ■ l-4Na^' i i ^‘iFe^Oa.SO^ | lOlF h^Nll^ 1 ^804",^ 

or 

t tFe • I 80,/ t ^OoO, -r-2Fe20.,.803 f lOH . 

Tin* l^aet tliat lerrie hydroxide is not^onc of the products of hydrolysis 
explains why aipvioiuum suljihatv' does not retard the re^etion.^ 

On addition of eoileentrated sulphfirie »aeid to, a solution of the 
'alum a whil^^ ‘piv^eipitAtc is obtained Inch contains ferric and 
arrftnonium sin^phates iii some uncertain ed.^te of combination. The 
^ jyrecijiitate when dry is stable in air, slowly seluble in cold water, but * 
readily soluble \n hot hydrochlor^ acid, and is possibly an ammonium 
salt of fcrri'Siilphurie acid (sec p. U5‘2). 

^ Sorot, Comfi*. rend., 1884, 867. 4 

• li«okc, Am(V. Chem, J., 1901, 26 , 166, 332. 

• Howe and O’Noal, J. Amer. Chem. 5oc , 1898, 20 , 759. 

• Rae, Tram. Chem. Soc.^ 1916, X 09 , 133 i. „ 

• ‘ See alao Wagner, MonaUh,^ 1913, 34 ^ 95. 
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The ‘densities •f various concentrations of iron-ammonium alum 

solutions in water at 32 <5® C. arc as follow : — ^ 

• • 


Orania (Nil4b8(V^‘*»(S<h)3.24H2© 
in/00 OrauiH HjO. • 

- . 

* Den; it\*. 

20^0^ *• 

. * 15 00* 

1 , __f .. 

* 1 •070I>(^ 

• 1 •S'51)()7 

/ 10 00 

1 -03801 • 

•502 

• *1 •01070 

i 2 01 • , 

, 1 •()037() 

j 0-80 • • 

0 -0*08 M) 

1 

1 4 


I 

^ 


Ferrid pomssium^alum,»K^SO,,.F(‘.,(S(),).,.‘2*Ul.J), may he obtained 
by mixin;j together (‘oneent rated soliflions of jiotassiinn ai\d ferric 
sulj)hates in the rc‘c[nisite proport iitns a.n(i allow inj^ to stand for some 
days at O ' wlu'H the salt erystallises onj: in violet oetahedra. 

It cannot be obtained asVeadlly by electrolysis as the aininonium 
salt, ow'in^r to the relatively , si i'^dd solubility of potas.siuni snlplnite. 

Addition oj» potassium hydro\id(‘ to a solution of«the alum, and 
subseipient e\*aporation yields a eroj) of crystals yellowish bjjuwm in 
colour and ])ossessinf,» pi'culiar o])ti(|»il propi'rtus like tourmalhie. 
Their com))osition is trivcn as 5KoS()^.‘jFe.^(S(),).2.(011)2.1 ()Il2(b Tl\^ 
crystals deeom})ose to iron alum ami a basi(‘ salt. * ^ 

The densities of ^'arious eomant rat ions ol’ the aiimi in water at 
17 ’5 C. are L,hveii “ as follow - 


Iron alum (yi r • ^ 

cent.) .5 10 15 20 2.5 *• 80 

Density . 10208 . 1 0 lOO 1 0072 i bsot 1II30 1-^22 


Ferric rubidium alum, Rb.>.SO,,F(yS(),)..211I/), and* ferric caesium 
alum, t's^.S()j.f'e^{SO J.,.2 HI/), have bren obtained b\ eh ctrolysis in 
an analo((ous manner to the iron aiiumflutim ahim. .'J'he}' are ota 
delicaie violet colour, turuiim 


temperature, W 

Grams H 1)2864. Feg^'SG,);, per litre of 
water . . . *.• 

Grams Cs2S04lFe2{S04)3 per litre c)f 
water . • . .* • , 


ol lempei 

ratiiri'^are as^lbllow 

. A 


% 


. 25a 

30 35 

40« 


• . • 

• 

. P7-4 

202-1 , 

(.' 1 ; 

• 

• . 


, 17-1 

• • 

25-2 87-5 

• • • * * 

00-4 


* Ferric magnesium aflim, *Mj*SO4,hV2(SO|).,.24ll20,«lias ^Iso btcri 
obtained A * ^ 

Feiroso-ferric sulphates occur iif nature. Hamerifk (sec p. 20) i^ a 


» FrauJr^.'^iaiU. Ch<^* 1871^(2). 5, 271, 

• ^ <lowe and O’Neal, loc. rit. ^ 

♦ l>o(?ke. Amer, Cktm. J., 1901, 26, 100, 

Deoompoaitiun into ba«ic salt iakvH place at thiH te>n]>eral»irc. 
* • Bastiok, J, Phartr^him., 1854, 13 , 039. 
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mineral with yellow triclinic ^stals and a feomppsition i^presented 
by FeS 04 .Fc 2 (S() 4 ) 3 . 12 na 0 . Its crystallograpI\ic elements are : — ^ 

aid: C'~()-8791 : 1 : 0-8175, 
a^89° 44', . 17', y^5"-18'. 

The salt may he pi i pared 'artificially by allowin^^r a mixture of powdered 
ferrous sul{)hate and acid ferric sulphate to remain in contact with 
moist air (or seva'-is'l months. ' It is then ohtai’K'd as a reddish brown, 
crystalline.' powder,^ It decomposes in moist air, yielding ferrous and 
ferric s»al])hat(‘s; the latter giving a-co])iapitc and tin- acid sulphate. • 

In voltaite the iron is partly rc'placcd by other metals yielding iso- 
morphous salts. Ily. adding fcr.nms sulphate to fused ammonium sul- 
phate a compound of ferroso-feriT* sulpluftc with ammonium sulphate 
has been' obtained nanu ly, ferroso- ferric tetrammonium^ sulphate,® 
FeS04.Fe2(S()4).,. t(Nn4).4S()j..‘tIl20 as eolourh'ss neefiles, of density 
2-02. It dissolvi's sl^.iwly in cold wate r, yielding g basic salt of]^ warm- 
ing. When heated with aminonium -t>ulphate it yields ferric tri- 
ammonium sul])hate, referred to above. 

The following acid salts have also been obtained 

FeS()4.Fe2(S04)3.2n2S04, 

NiS0,.Fc2(S()4),.2lUS04, and 
^ 2MnS04.Fe,(S()4):,.8ir2S04. 

Ferrous amido-sulphonate, Ve(S03.NIl2)2.(?)51T20, is obtained by 
dlssolvhig iroTi wire in aqiu'ous amido-sulphonic acid, and concentrating 
in vacuo,^ 'the crystals an; bluish grei'u in colour, delicjuescent, and 
exceedingly soluble in water, from which tlicy an' not precipitated by 
alcohol, thereby differing from ferrous sidphate. 'I'Ik- crystals appear 
to coidain 5 mole(''ules of (‘ombimsl water. 

Ferrit amido-sulphonate, F('(S().5.Nll2);„ is prcjmrcd® by dissolving 
femic hydroxide and anudo-sulphonic acid together in water. '^The 
sofution obtained is briglit brown in coh/ur, and dries up into an opaque, 
amoqdjous, bfitth' mass, which is brown in colour, very soluble in 
water, but not at jdl (h'liipM'scent. It possesses the astringent taste of 
fetfic salts of inorganic a(;'i'ds, and not <hat of the citrate or tartrate, 
the infcrcnct' being that tin* iron (‘onstitutes the ])ositivc ion and* is not^ 
included in the negative radicle. ' ■ " ' 

^ Ferrous thiosulphate; FcS2()3.5H20, may be prepared by passir.g 
hj^drogen , sulphide tbrougira cold solution of ferrous sulphate and 
sodium thiosulphafc. The pn:cipitatc consisting of .sulphur and ferrous 
sulphide is washej) and snspi nd'cd in water through which a current of 
sulphur dioxide 'diluted with hydrogen is -paseed. The reactions are : — ® 

• 2FcH3i^Oj=2Fei^Oj-f^, 

" Fcf.4 8SO.=FcSA. 

FeS H-aSOg^-FeSjOg hS. 

» BlttAs, Monnt^k, 1883, 4 . H.'W 

• SchHri*o',, Zeilsch, Kryst. /i., 1^.3, 37 , 529. 

’ I^haml an/* Ix^pierre, loc. ett ' , 

* tlfiUtl, Compt. rend., 1878, 87 , 602. 

* Divers and Haga, Tran-t. Chern. Soc., 1896, 69 , 1634. 

• Feld, Zei^h. angew. Chettt., 1011, 2^^290. 
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A farthef quantity of* the sulphide i| then added to remove exccBs 
sulphur dioxide and to /educe the polythioiuites 

, ‘ FcS, 0 «-{-FcS-- 2 Fc« 2 Oa-^. 

^ ... ^^SA-fFeS.^ 2 Fe^ 5 A. 

. 

The salt may atso be o])tain<‘d by trifuraiin<? a e^iK'entratcd solution 
of ferrous sulphate bariym thiosulphate,' ]>ut it is ](‘ss j)urc, as.it 
contains some tetrathiojiati* as nvell." It n'sult s wluj^sulphiir is dijjested 
with ferrous .sufphatc solution, and \\h(*n iron /s dissolvc'd* in aqueous 
sulphurous aeid.^ ^‘This latter reaction i;»sonu'wliat e.)«i])lieated, ferrous 
sulphite being Virst |trodueed, thus : • * • • 

Fe I H.SCVylrSO, ! ‘ 2 ll., 

The nascent hydrogen then ‘attaets ciilu r the sulpl<^iroifs acid (or 
ferrous slilphit#*), reducing it to tliiosnl])hurie acid (or brrous thio- 
sulphate). Thus : ^ ^ 

F(4-2n2SO, I ‘ill f’l S /),-! nil/). 


On ooncentraiioi^ ferrous sul})hit(“, beim^ nuieh le ss sohd)Ie, crystallises 
out first, leaving the tliiosulphatc* in sohuion (see p. 1 ta). 

The salt yields grecii ^crystals, readdy solnhh' in water. They 
belong to the*trielinie svstein, their ervstallograplue (ileineids being as 
follow : — • * 

a : h :c 1 : UfiTS 1 1. • 

a .'>7', /9 -Its ’ S'.r. y Sir’ to'. 

The salt readily oxidis(‘s in air, yielding a basic h rric compoiind. 

The double salt. Fc 2 S/).j.:tNa..S./),,.sll./). is oblaiiu d by preeipi-’ 
fating a mixed solution of ferrous iodid<“ and sodium thiosulphate with 
alcohol. It forfus bright green erv'^tat.. isadily soljible in wat^^^. 

FerrouiS disulphate or Ferrous pyrosulphatc, is ^^('ci pita ted 

as^ white powder by^ mixing a saturated sokition of ferrems sulphate 
with several times its volunu* of concentrated suljihuric acid. .Ex- 
amined under the*mieroscope, it is seen toic’onsist yf line jirismatic, 
crystals, which absorb wat(Toii exjxtsun- to jiir. 

Ferrous tetrathionate, FeS//. n sull^iiq unstalih solution on ac^ling 
ferrqps thiosulphate solutam in snPall qufLutities at *a time to ferric 
-chlyide - - • • . * 

^ 2FeCM3 j 2FeS,()3 Fc S,(),W JthTC/. ^ 

The product readily d(‘com|ft)scs, e voK ing sulphur dioxich Thu^ : — 

Fe.S/;« .FrSO, j 80., I 2S. * , 

Ferrous dithipnate, l*c§.A» readily obtained by, double decom- 
position of soHitions of the bariirtn salt*afid fj^rrol^s* sulphSte. Thfe 
dithionate is also forme?l by’ dissolving ferric hydro?:i|^e in ^ulphilrous 
• • 

* Vortinann and Paitlirr^, ^fer., IH80. 

56 . 306. 

* Feld, he. cit. - * 

» Berthollet, . 4 nw. Chim. PAy‘r.vilH:t\( 2 ), 2 , r>S ; Vouu!,.^. Chrm., 1836, 8 , l02 i 
Frvfdf My tnd G^Ub, ,/. Pharm, ChM»., 4 , 333. • 

* Fock afid fihiSH, Jier.. IHHO, 22 . 3310. 

* Vortmann and Patlbcrpr, Bfr., 1880, 22 , 2037. 

* Bo\fUifTran». €kem^ Soc., 1874, 27, *212. 


I. 2:i^.2r,37 ; UammolHbrrgj./V/cr. Amialen^ 

' ' ' 0 
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acid,^ and allowing to stand fqf some hours. *If the ferric Irytlroxide 
is pure and well washed, it dissolves exceedingly, slowly ^ ; the ordinary, 
freshly precipitated hydfox^de dissolves rapidly. On standing, the 
yellow solution beeonles green, as the ferric iron beconies reduced to 
ferrous. The* nae^loii a]jparentlyjtakes place <n .fci^es involving the 
intermediate forinaUon offerrie sui])hite which salf, however, has not 
hcen isolated. Tlius : • • • . 


• Fe,{SO,)3--FeSAl 


On |•assi■g sulphur dioxich •into cold solutions of ferric sulphate, 
ferrous dithioiiate is foruud.'^ Witji a 2 per rent, solution of ferric 
sulphate, HO per cent.* of the suf|»hat(‘ is (;ouv(Tt(‘d into dithionatc at 
0° C., I)ut^t hijyainount diminishes ^is the teinperaturi* rises, none being 
formed at 0.')'^ C. 'I'he e(|iutibrium may be n presented by/he ec^iation : — 


F(‘,(SO,),pl HSO, I 2noO-. *2FeSA K^IFSO,. ' . 

It is interesting to m)t<‘ that ruHienimu sulphat(‘ beha\ es in a pre- 
cisely similar manmu-.'^ On eonec'iit ration bluish ^-eeM crystals are 
obtained, which arc' unstable m air. *'rhey contain 5 or 7 molecules of 
combined water, a, ml belong to* the triehnie system. At 1 

part o( th(' heptidiydrate dissolves in (f-5t) part of water. 

The follow ing double salts ha\ (* been jux pan el * * 

F('S.,(),..H(Nn^).,S.>R,j.()Il 2 () (monoelinie), and 
^ ,1 FeS,( )„. 1 H(N 1 1 ,)> .(),.;wl [,(). 


Ferric dithlonate lias not bi'cn isolat<'d. as its solution deeom})oscs 
yielding h'rrie sulphate', terroiis dithimiate, suljihurous and sulphuric 
acids. 

" IHON AND .SFd.FNIlIM. 


^iXJ'cn iron and selenmm are heated toget hereto a high ti inperatfire, 
combination takes place, but tin* pnoduet usm^.lly contains more 
selenium than t’orresjionds to the monoseletiide or ferrous selenidef 
FeSe. lly healing the produel in hydrogen, however. th(‘ monoselenidc 
results,"*” further ri'duetij,^/n* lo^ a. sulisthiiide not taking place, 
although tlu' selenidc's of mekel and e(»balt arc* reduced to suh-selcmides 
under like conditions,. ‘ • t ♦ t 

% Ferrous seh nide was Tirst obtained by Divers and Shimidzu ® bj*' 
hediting a ipixture of wrought-iron tihngs«and selenium in a graphite 
pot. Wlu'ii the mixturt* had grown hot, ,a eon.siderable portion of the 
selenium imd volatilisixl and a further 'jiortion was adhed which com- 
bined with the Iron with \i‘ry liftle lo,‘«, causing vivid' ignition and 
complete liquebuition. Thy product thus • obtained 'ebsely resembles 
iron* sulphide. ^t«is fiot very sensitive ti^aqid#, but when wanned with 

- 1 061i8, /!«». Chiffi. /%,*»., ^1802, (3), 65, 222. * 

^ • CarponUjr, Trans. Chim. Sac., llH)2/6i, 1. * 

' * Anthi>r\v and Manos.'^e, (iazzrtta, 1890, 29, 1. 483. 

* This volumt', Part 1., j>. 140. ^ \ 

* KIOsm, .4rtna/<’;i. 1888, 246, 170; Vhcm.firntr^, 1888, p. 215, 

* Kliias, loc. r»4, , * c ’ 

’ IPh^sr (h* ThKtornt, 188U ; .4«n. Chim., 1887, 10, 520. 

* FonEoa-Piaooii, Compt. rend., 1900, 130, 1710 ; Bull. Soc. chitn., 1000, 23, 811. 

* Divers and Shiiuidzu,, Trans. Chem, Soc., 1885, 4^,. 441. * ' 
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dilute Hydrochloric acid, after first i^^wdering, hydrogen selcnidc is 
steadily evolved. The 4ieat of formation of solid, crystalline ferrous 
selcnidc is 181,40h calorics J • . ^ 

Ferric seldhide nr inon sesqui-selenide, Fe.^S ,, was obtained by 
Little * by heating irod to redness Jn selenium ^ afioyr, cooling, and 
fusing the product Vith excess of selenium iMider a jayer of borax. It 
also r(‘sults when hych*(Tgen selenide is {)a!>sed o\'(T ferric oxide at red 
hcal.^ It is a grey crystalline powder. • ^ 

Iron disel^nide, FiSco* is pri'j)ared 4 )y heading anhydrous ferric 
chloride to dull reVl heat in hydrogen# selenidt*.^ 'WlKai ignited in 
oxygen, it yields firfic oxide and selerihnn (Hoxide. • • 

• Two otlur seh'uidcs, namely Fi'^Se^ or Fc'^Sci.-tFcSc,^ 

have been di seribed.-^ , • * • 

Iron Selenites. Although metallic iron does not to be 

soluble in Selen(4iis acid, yet selenites of iron are readily obtained in a 
variety <8' ways. W hen soglium selenite is added to ferrous sulphate 
solutioif, a white ]>rdeipitate o/ ferrous •selenite, FeSeO;,, is obtained.'* 
This beeoiiH'S darker on (‘xposure to air in eonsiijuenee of oxidation. 

If the white preeij^itate is (lissolved in hydroehlorie aeid, a portion of 
the selenium separates out, •whilst ferric chloride^ and selenous aeid 
remain in solution. Thus : - 

thlSeO^ 1 12lK'l=:Se’| tFeCT, f .TSeOg + Cdf.O. 

Several ferric selenites have been Jeserilxd, and may b(‘ ^divided 
into three groups, nanu'ly buHiv, nriifral, and acid salts/* 

fia,sic Salts, d'he salt, .‘tFe.2();{.8S< ().^.2<S| is oblaiia d as a*yi‘llow, 
voluminous precipitate on adding sodium selenite solution to One of 
ferric chloride ‘‘at room teinja ratun . This, wla n lieatid lo 2 ;i()"- 250 T. 
for several hours with water in a sealed lube, yields insoluble yi'llow 
crystals'* Fe2O3.2Se02. This latter salt may also be ol^jt^iiK'd by 
heating the decalivdrated neutral salt in tlu sai^je manner. 

Neutral Salts. i'e^().f..1Se()2..rll2fb The following hydra! es have Wtai 
described: deeahyd^de,^ nonahydrale,^* heptyh\ drate,'* trih^’drate,*' 
raonohydrate.® * * 

Acid Salts . following salts are jenown : Fe,().j. tSeOjj.HlLO,^ 
F('2(),. tSe(VU.,(),iand I'e./l^.tiS. O.-gn^O.^ 

« FefVous selenate, FeSeO^ Iron (hssolves in aijiu-ou^ si h ide acid, 
yfcldffig ferrous seleiftde ioui a deposit of .selenmm, •which collects U])OU 
tITb surface of the undissolved metal and slyelds it from furtlier attank^ 
The rate of solution is tlu rebj' so gn atly retarded that as a^netlu^l of 
preparing ferrous^ selenate it is tio| to b<*yccommended.” The n^ t result 
of the action nfiy be represented by tjie eipiation : • , * 

SFo } 4 ll 2 Se 04 - 3 Fe.iie()i-j ‘tll2fl-* •* * 

• , • • • • . 

• * Fabre, Campt, rend., 1880. 103 , 345. * Amwlen, 1 * 511 , iii, 211. 

* Fonzcs-Diaisn), Cornpf. rend., 1900, 130 , 1710; Bull. Sor. rhiru., 1900, 23 , 811, 

* Muspratt, J. Chew. Soc., 1848, 2 , 52. •% * 

® Boutzoureano, Ann. Chtm. Phy» , 1889, (0), 18 , 289; Ball. Sac chiw., 1887, ft), 

48. 209 . . . 

• Niifjon, BuU. Soc. ch\m., 1875. 2 $, 49^ • 

’ No bydre^en is evolvnl. P/t'SUinably Ihu pn^Juml by Um' action of 

oaaoeni hydrogen jipon the selenic ai’ul ; thus : — 

OH f H,SeO,:-4Hd>t 

• TuttJn, Vfoc. nSfy. the., 194», A, 94 , 352. 



170 IRON AND ITS COMpfcuim 

Ferrous carbonate is like\^se but slowly attached by sAemic acfd ; 
a better method of ]ireparing ferrous sclenate consists in dissolving 
ferrous sul[)!ude in a eonycn^rated solution of the acid.* The hydrogen 
sulphide evolved ridbees a portion of the s^jlcnic acid# in accordance 
with the eipiutiorr: - * J • •• 

. F3IF2S=Sc-|-3S + 4H,o! 

1 “ • “ • • 

The sohiti(Mi is .Uierefore (ilt 4 Ted and tvhen allowed to crystallise at 
0'’(^ yiehls morioelhiie ery».tals of the flr^ahydnfte, 
isoniorphous ferrous stflj)hate, FeSO^. 71120*. The crystals ^e 

much Ifss slijjlile, howevet, rapioly becoming opaqne.* When crystallised 
•-from warm solutions the jx’ntahydrate, FeSe 04 . 51120, is obtainedf 
isoyiorj)hous with copper sulpluft(^ FuS0^5lI.,0,^ and ferrous sulphate, 
FeSO,. 514 . 20 ^ 

• , Double Selenates. 

• • ^ . 

Ferrous sclenate yii'lds double selcyiates wifti salts of tlft' alkali 

metals. The ir general formula is 

M2S4;0,.FeSe0i.Gll20, 

and thi'V all crystallise in tlu' hylohedral class of tin* monoelinif! system, 
and ar(‘ isoniorphous with the other ailts df this serii's (‘^oe p. 155). The 
crystals rapidly decompose at tem])(Tatures very litfie above 0° C., 
st\thafa study of their crystallographic elements and optical properties 
is a task of eoiisidcrable diifieulty. The following salts have been 
studied : • 

Potassium ferrous selenate, K 2 SeO 4 .FeSeO 4 . 6 H 2 O. 

, a :b:c -0-7 tOO : 1 : 0-5(Ht. 50'. 

* Density at 20 '" C., 2*491.. 

* ' " Molecular volume, 210 09. 

,«*Rubidium ferrous selenate, TlbjSeOi.FiSeOj.Oll^O. 

H :b\c “(1*7121 : 1 : 0*50l)0. j3--10r 57'. 

De nsity at 20 '" C., 2*800. 

^ Mojefiular volume, 220*29. 

Gsesium fenous selenate, (\s 2 ^e 04 .F(‘Se 0 ,. 6 n. 20 . 

\i : b :V--=0*7008 : I*: 0-4979. ’ j8^l06° 2'. 
lienjity at 20'^ C., 3*048. 

, Molecular volume* 233-21 . 

, Ammonium ferrous selenate, (NII',) 25 >e 04 .FeSe() 4 .€ll/). 

c - 0*7433 ; T: ()*50K). ,'3 =-106^ 9'. ' 

Devsity at420^ C., 4>*191. ‘ 

^ Molecukr ve>lunv.\ 220*39. 

f 

Ferric S^buium Alujns. 

i Ferric- rubidium selenium alum, Rb 2 Sc 04 .Fe 2 (Se 0 p 3 . 24 Hg 0 , 'is 
obtained when the requisite amoun^of Mibidium earlxmate is added to 

w ‘ Tut ton, Vroc, Roy. Soc^^ 1018, A. 94 . 352. 

« VVohlwill, I860, 114 . 160. 

* Tu^iton, Phil Trarut.f 1919, A^ai8, 395. ' 
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a solution* of freshly precipitated ferric^hydroxide in excess of aqueous 
seleni()! acid.^ • 

The alum crjfstalliscs out in* pale vioU*t crystals, bclon^in^ to the 
cubic systems Its density at 15 i\ is 2 1808. * At 40'" to 45° C. the 
crystals melt in their Cifnibined watcj, yieininjr a ri rl* liquid. 

Ferric caesiun# selenium alum, Vs2S(^^.Fe2(^(04);^.24ll5j0, pre- 
pared in an analo;,^onssii^nner to the preet'diiiir salt A yields violet erystafe 
of density 3-617C at 15° C. *These m<*lt in their ^inhined wafer at 
,55° to 60° C., • • • . / 

• • IIION AND TKRUltH^M. 

• Iron combines with tellurium nvli^ii the* two^ eleim iits are heated 
tojnrether in an inert atmosphen*, yic^lilinir ferrous tellurJde,'^ FeTe,*as a 
hard prey crystalline mass. Stahh* in moist air, it is hnt sVwi^' attacked 
by acids in the (5>ld, althouph hromim' water readily.effei'ls its solution.'* 

Ferric tellurite oc^irs infiatnre as the mineral d^rdvuitc in Honduras,^ 
assoeiat(‘d with metallic telhiwum. IlArdness 2 to 2 -.5. Its ehemieal 
composition closely a])proa<*hes that repnsented by the formula 
Fe2C).,.3TeOo.4ll2(^ or Fe{'re03).,.4ll2(). ihnnion.sitr is another naturally 
oecurrinp ferric ti'llurite hniiM in'Colorado as yelkiwisli preen scales, 
associated with lead earbonajte and quaVtz. 

IIION AND 

Ferrous chromite, FeO.C’r.D.,, occurs in natnn* as jhron^ile (sc# 
p. 18). It may be jircjiared in the laboratory by In^atinp to a high 
temperature' an intimate mixture ot iron liliiips, lerrous carbonate', amt 
potassium hiehromate*. coveTed with a (bin layer eef ( ryolite^. The 
cooled product is *e'xtraet<‘el with water and cone* ntrate d ar*tds in 
successiem ; ‘a re sidue* is obtained e*ontammp ehromile* ns .Emalh^'tahedrii, 
cuho-o<'tahexlra, and cube s.’ • 

Ferrous chromate ele'e-s not ajijie ar to he callable of exist inp. W^on 
solutiems of ferrems^sulphate anel ehromie aehi, or its alkali salts, arc • 
mixed at low temperatures, the iron is oxidisid, basic fe rric sulphates 
rcsultinp, the chromium he'inp een're spondiii'^ly re‘dn<*e<l. If the* fe'rrgiis 
sulphi^te is in excess, ferroso-ferne sul^)hat«* fe suits. 

• , I^Huerous basic^ double, ferric Jhromates j^i\ e U e ii jire pared,* 
mimcly : — • % 

8K20.6Fe20.,.2Cr(), - (ibtirtne'd by the*aetion of f(Truu> sul}|liate 
oil potassium ehreunate'^at O ' at winch temperature it i.s 
dried with alcohol and ether. It is black ii^ appearance, bUt 
brown *w hell moist* • ^ 

4K80.3Fe203.»4Cr03 a )*e'llowish* hrowi* tiiero-er/stuflliue ))recipi-* 
tate, obtained by^aejdifciou of eXee.ss of pofas.'^u];u chromato to 
ferrous sulphate solution. • 

^ Roncagliolo, GazztUa, 190.'>, 35, 4^ 

* Margoltet, Thhe de PartJt, 1879. 

* fabrr, Ann. Chim. Phu^t . tii88. (tt). 14, 110. 

* Dana and Weiln, Auif'r. ./. istK), 40, * 

^ i^tiUnhrand, iftw/., p. Kl ; ZrUnrh. Krynt. 1887, 12, 492. 

* Foralloy.H of iron and chnnmum, ae<‘ thi« vftlunie, Peift III. I 

^Meunier, Compi. rend., 1888, 107, 1153. 

• ^Lepierre, IStVb 1*9. 1215. 
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iNajO.yFcjOs.loCrOj and* e{Nn4)2O,5Fe2O3.60rOa are* Obtained 
in a similar manner to the preceding salt? but rtjplacing potassium 
clH’oitiatf by ^jodkinvand ammonium ehromates (cspectively. 

Other eomplex4 s that hitve bean ))rcpared*are J 

7K,0.r.Fe,,(V-l<>Cr0>, ; tK^O.SFeA-Ht'rO^.iTlI./) ; 
(iK'j(). 2 Fe,().,.!)('r() 3 .on.,() ; <iK,0.;iFe/)'.f6t’rO.,.3lLO ; 
2K30.2Fe3^,.7(:r0.,.7Ilj0; 

:iK2().2F<'2(),.(i%r0., ; .fl<,,0. tF( ,,0,,.ld(’rO,.SJl/). . 

• • • • • 

Feriic ammonium chromlite, (MI ,).,('r(),.K(*„i(’r0,),.4lJ,,0, and 

•ferric potassium chromate, HI j). ha^v hkn prcn, 

parol'd “ as dark rtd c^ystallifit* plaV"' I>v slow (^ ap()ra1ion of mixed 
solid ioFTs lyric* clilorido and am'^noiiium (or polassium) dicliroinatc*. 

• I I.opifrrt', lor. rit. 

I - Hi t , 1H71), lOoO.^ 
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IROlV AND THE EEEMEfilS OF CROLP * 

IKON •AND XITIUKJFA. 

Iron nitrkte, Dif«rro-nitride, l'\oN or Fc,N 2 .- 'I'luit ,iroii ronihims with 
nitn);f(‘n wus fir^t obst'rvod !•) Dcprct/.* who o.-tvc'Jo tlif comnound the 
forniuljP KejXo. A n!?tnral iiitgd(' of iroTi has hocn iuinul in tin la\ai of 
Ktnii ' as tlie mineral U luai heated m hydr(>^nn ammonia 

is evolves], metalhg iron const it«jl iin; I In-^n suliu'. 'riic> iinportnius' of 
carefully studying the mann(*r m* winch irmi eond)mes with nitroj^eii 
has l)('(‘n inercasinnly cmpln^sise-d within tin' last decade, hi'canse* the 
])res('n('e of nihioi^i'n m steel has been shown to alTecI rery materially 
the ineehani(*a^*j)i'oj)ertKs of the metal. For example, the ahj^jirptioii 
of 0-3 per cent, of mtroiren entinly ^oppresses the critical ehaiipes 
oeeiirrini^ m pure iron.'* and prolonged heatmir /// le/eim is la'cessary tei.^ 
effe*e‘l the e-omplete' expulsion of the dus. Nit ro^nnise*! sterls are 
brittle, showinjjf an increase m hardness and te iiaeily, aeeompanicsl by 
a decrease in elon^r.ition and ductiht\ these jiroperties resnltin^r from 
the' te'iieleney of tliw mtro^nn to retain the iron in the /^famma?(lbrrn, 
and the' earl^ide m solution, 'rubes <d' niallealile iron., aftei; exposure 
for se'veral elays to ammonia at SOO ' bee'onu^so brittle' that they (‘an 
tie fn’oken like porcelain with a blow from a hanniK r. A rod of slOft 
cliarcoal iron, after Idee t natnient . becomes so Jiard that it can be* used 
as H (In 11.^ 

Nitro^n-n is sli^ditly soluble m iron, t he^solnbihly bem^^ proportional 
to the sepiare root of the pressure.' ^ \ • 

Irem and st('(„l absorb small quant^tu s of nitro^n ii win'ii heated to 
1200"' am4 wlyn fneltcd under a limh j«ressure of the gas.’ 
IRidcr ordinary conditions, Iioau-n er, me n 1\ ^eating the met.d in nitrogen 

yields no jiereeptible (plant it>*oi nit ride. ^ ^ • • 

Continuous hcadng of the-ivduee d ^metal is stated t(* resplt. in a 
.small anmuiit ♦)!* nitrogen absor[)lion^‘’ as also expo^^ifc of the finely 
divided reduoeet metal at the oftimarv temperature' to nitrogen.*'* 

• . • - • •• • - 

* Depret/, Anti, ('him /VtV''’ 42. 

* SilvoHtri, Agnail /i, 1S7<>,*I57, H>.» 

'* Amlr<iw», Iron Sled /«.#., I1H2, 11., 21(1. ^ 

* Heilby HTiel Henderson, Trous. Chnn. .S'w'^-UMIl, 79. 12.70. .See 'wise) TKe^hiflcbevski, 

J. Iron Sled Ind., 191.7, 11,, 47 ; *Hraune, Riv. flldoUurtjii'^ 190.7, 2, 497. 

® Junsch, Stahl umi Eiscn, 1914, 34, 2.72, * * 

• Sieverta afiel Kniinbhaar, Bfr., ’4)10,^. S93. « 

’ Andrews, Inc. at. ; Koj^slsidinp, ,/. yrrim Chew , 1S02;*86, It07. 

• See naurtnd Voerinan, ZeiU^ch. jihf/dhal. Chem , 190.7, 52, 407. , 

• Sievertft, 1907, 60, 129. 

Rogst^diiiB, J. pyetkt. Chem., 1862, 86, 307; Bnegleb and (leuther, Anruden, 1802,j 
M3, 228. • • • 
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To obtain iron nitride indirect methods must be adopts.* These 
may be enunuTated as follows : — ^ ^ 

1. Ilcatin/^ ferroij^j chloride in a current of dry ammonia,^ the 
optimum tempe rature' for the reaction being 4^0° C, ^ IVrrous bromide 
may be use;d ms.U'ad of the chloriefe.^ 

2. Heating reeipeed iren in a current of dry ^immonia at about 
414'" C., wlien iiyelre)gen is rapidly cvolvc^d.^ ThC heating is continued 
until the react ion *ii; eom[)ictc and no more hydrogen is liberated. 

3. Heating electre)*lytie ireJn toil in dry ‘ammonia at temperatures 
rangingt from bO) U,o 1000'" Ci Hanemann ® by this means succeeded 

Jn prepfinn^ iron nitride* containing 11-1 per ct'nt. of nitrogen, the 
‘‘product thus corresponding to the formula FejjN or Fe 4 N 2 . The most* 
favemrabk* temperatuK* ajipears to4)e 050 '".to 700^ C., in a rapid current 
of ammoira, ^le nitride peeling oIT in thin Hakes if the metal is thick. 
Any carbon combines with the nitrogi'n and is removed.® 

4. H('atmg s})ongy iron in dry ammonia, the optimum temperature 

being 450^" to 475" C.’ • . 

5. Iron amalgam when heated in ammonia vajiour loses its mercury 
content and is gradually eonvarted into nitride.^ i 

As prepared by any ot tlu* above methods, iron nitride is a grey 
powder ot tkMisily abe)ut 0-25,® and soluble in dilute* hydroeldorie and 
sulphuric acids^ yielding terrous and ammonium saltji. Nitric acid, 
even wl^cn c'onee'utrated, only acts slowly, (laseous hyelVogen chloride, 
attveks it at 220" C the reliction be*eoming vigorous at 350° C,, 
ammonium and terrous chlorides r<*sulting. ^Vhen heated in oxygen, 
ferric okide is produced, nitrogen (not its oxides) being set free; the 
reaction is det(*etable at 200 ’ C. Hyelrogen reeluee s it, tin* reaction 
beginning at 050" (', and being very rajiid at 000" ('. 

ll^^jteel in vacuo or in nitroge'U it begms to eleeaiupose at 500° C., 
and at GOt)" C. nitrogen is rapidly evob’eel. 4'his redue*tiou takes place 
even unefer a pressure ot 18 atmospheres of nitreige n. For this reason 
th^' is no nilriek* Ibrmation when iron is heate'U at these temjieraHares 
in nitrogen. 

It lias been suggevste'd that the e*onstitution of iron nitride is 
represented by the formula 



^ rcthi., I Mill, 52, :122 ; Warren, Chern. News 1887, 55, 155; G. J. 

Fowler, CKem. Xars, HHK), 82, 21.") ; Trs^-ns. ('hen'. .Vor., 1901, 70, 2S5. 

* Girardt't, liuU.Ji'C. chim., 1910, (4). 7, 1028. * 

* Ft»wler, '7Va«,s.'rA<’m. .SVx*., 1901. 79, 285. » , ' 

i * StahldchmiiiC Annll^trn. 1 . 805 , 175 , 37 ; F.)wler, loc.. rit. j Cheni. News, 1893, 

68. 152; Beilby and UeaMlor.son, Trans, ('hem. Soc^, lOOli 79 , 1245. 

* Haneinaun, I^iaugural DissertoUon^ Technisebe 05)cWhulo, Berlin, 1913. 

^ • Oharpy and Bonnerot, Cohipt. tend., 1914, 158, 094. « See also Braune, Rev. MeUU- ^ 
Iwme^ 1905, 2, 497.‘ Allen {('hem. .Vcie.'»j,,*880, 41, 231^) heated iron wr© in ammonia 
ana obtaineel a priHluct enntuining 2-5 i)er cent, of nitrogen. 

’ Whit© and Kirsohbraun, J. Afncr. Chem. Sac., 1906, 28, 1343. 

* Fowler, /oc. rit. , i * ‘ 

* Charpy and Bonne>rot, loc\ cit. 8ee alsoWaxted.^/. Soc. Chem. Ind.^ 1918, 37 . 106. 

Fowler and Hoftog, Tran%. Chem. 80c. ^ 1901, 79, 299. * 

Whit>e and Kirechbraun (/or. cit.) suggest that this nitride may bo a solid solatton 
iron nitiido in iron, namely, , , 

. . : ' Fe^,-hIWFe^^''« ' ‘ 
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liloN and' T ins elements of group v. 

• * 

The lieat of formation of iron nitride^is as follows : ^ 

JSfFejH (N)~[Ft‘2NJ + 30 10 oalorirs. 

Two other I nitrides of iron have been prepared,' namely, fertX)U8 
nitride, FcgNj, and’ ferric nitride, F(JN. 'V\h' forivei* described as a 
black, oxidisablc j^wder, obtained by heading litjiium nitride with 
ferrous potasskim chlofide. The ferric flilride, KcN, resnitt'd vvheil 
lithium nitride was heated will? ferric pokissiuin chloride. It^ is a black 
substance, which,* on being heated in air, i^idises in ferric oxide. These 
substances are*, pres\imably, ferrous and«J‘erric subsiflwted ainjuonias, 
the constitutional forAiuhe being 


Fo 

Fr.< 

Fe . N 


af.Fo N. 


respect! v( 4 ly. ^ 

Nitr«-iron, Fc2(N^2)- — Attempts to pr( pare nitTo-iion, analogous to 
nitro-nickel and nitro-cobalt, 'have, been suceessfnl. It ])resuinably 
results as an intenyediate jiroduet when nitrogen peroxide diluted with 
nitrogen is passed ()ver reduoed i-ion. TTie piroxidi' is absorla'd, but 
the resulting compound dellagrates eveum a greatly diluted atniosjdienr 
of nitroge n peuayvidce The* corresponding cobalt and nn^el d(Ti\ati\'t*s, 
^namely and Ni2(N02), respectively, are* considerably' more 

stable.*'* ^ 11- 

Several triple nitrites of iron have been prej)arcd, namely : — 

• ' A * * 

Ferrous lead potassium nitrite* ; 

Ferrous barium potassium nitrite* FeHaK-^lNO^jG ; 

Ferrous calcium potassium nitrite *' '* ; ^ 

Ferroits strontium potassium nitrite^' , 

• Ferrous lead thallium nitrite.'’ • 

I^rrous nitrate.-- fhv anhyelrous salt has not been ])re part‘d. 
hexahifdrate, Fe(N(),l2.^H2^^’ eonseejuence, 

somewhat dillicult to isolate. It may be obtifined m siflution by dis- 
solving cith(*r ferrous sulphide or inclalli** iron in dilute nil lie acid, 
of density ranging from I 034 to l iy 5 . * 11 ; metallic ir*)n and acid'of 
lower (iensity be cinjiloyed, the iron disM»lves witliout an^ evolution of 
ims, «md with the fownation of ferrous^ nitrate and^immonium nitrate. 

using iron and acid wathin the above-menftoned range ot densities, 
ferrous nitrate is obtained, •together wit* some lerric niJ,raLe, ^tiic 
percentage of llie iatler increasing vvitli tlie density of flic arid. If 
the acid density is greater tli'.in rilS, ferric niljate is the maift 

produa^^^ nitrate nia^ alwi.be obtajned iiv sylution byigrindiilg lead 
nitrate with an equivalent c]yai*tity of forrotis suIjiAalo in the jireserice 
*(Jf dilute alcohol ; doubMecoinposition takes place, the ferrous nitfate 
into solution. Upon cvaiKiratjpn at room teriqjcrature the salt 

» Fowler and Hartog, loc. cii. 

• ClunU, Coffip/. 73 B. • 

■ Sabatier and Sond#rcoa, B&l. Soc. chitn.f (3), 9 , 569. 

• • PrzibyUa, Zeitsch. anorg. Chem., 1897, 15 , Il9. , ^ 

• aimpk formula has been assigned. 

«• Pnibsui^ ZtiUck, anorg. CAew., 1898, 18, 448. 

* * Chka, Phf§,f 1859 , ( 5 ), 55 * * 
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crystallises out as brijrht green rhombic prisms, whioh are faintly stable 
at 0® C. 'Hiey melt at 60-5“ C., but Rapidly decompose when the tem- 
perature is raised by ,ev(m <‘e very small amount a]x)ve this point. At 
higher teinperatun's n residue of ferric oxide is obt,uinedr* 

Th(' solubility bl’ ferrous* n it ratjj in water af various temperatures is 
given as follows 

Tpmpi'ruturc, ‘'f). , . 0 IS „ 24 25 50 60*5 

GraniH l'V(N'Oa). [»>>!: aiiOH 11-5:? 45-14 4«5I .. .. 02-50 (Funk) 

100 ^runiH .solution \ V 41 d7 .. .. 44-4 1 40 94 .. (Onlway) 

Density Holutioue •. .. . .. .. 1-48 1-50 .. • 

lletwt en and C. the composition of tlie saturated solution^ 
is giv('n by the exprt'^sion : ' „ 

n. , 1 (bA‘ltiH--()-ll‘212/)I40. 

A brc'ak in the Miluliility curve at 12' (’. indicates tin' formation 
of another hydr.it i*, nanu'ly, tlu' notutht/dt af(\ lv(\(){).M0n20^ which, 
how(“Ver, has imt laen isi)lat(“d. Its soh.bility in water is as follows : — 

Tempirature, V. . . -27 -21 -.5 11) -15-5 

Grams Fe(NO;,)2 1^^^* 

grams solution . . »‘15-0G JIG-U) GtJ-oC *37 17 

The heat of formation of tlu“ dissolvi'd salt is : * 

t (N.>) ! r A<l. 'Gu‘{N().j)..A(|. \ 1 19,000 ealories. 

2llN(),.A“<p I lFe(On).2| - Fe(N()3)2.Aq.-f 21,500 

Ferric nitrate, Fe(N().j).,, is conveniently obtained by dissolving iron 
in nitric acid of densily * 1 -11 until tlie colour of llii' solution changes 
through gri'Cii to dark red. An e(]ual bulk of nitric acid of density 
t-s now added, and the li(|uid allowed to eool.^ ‘ 

Tlie ictlt sc'parales out in liydraUsl crystals, whieli are'usually pale 
vij^let in colour, tlu' exrenl of hydration varying according to eireum- 
’stl^nees. Two deliiiile hydra, tt's are known : namely, the nonahifdratey^ 
Fe(N03)j,.9ll2Cb which welds pale red deliquescent monoelinie crystals,’ 
of the follovviJig eryslallographie elements : -- 

u ; : r -l -^29(1 : I : 1-91S0, .*34.', 

and the lu\r( hf/drat(\^ Fe(N()3) .Gl^C), which crystallises in cubes 
melting at (>0-5'’ 

« The crystals readily dissolve in water to a yellowish brown solution. 
In neitrie avid they ire much less soluble, and admit of ready reerystallisa- 
tjon from this ueiil. 'fbe crystals of nomdiydrale mdt at 40"^ C., yielding 
a dark red liquid (Ordway). 

Altj^iough ferrii* nitrale crystals are usually pale violet in colour, 
when perfectly pnr.e’ tin' salt is <h>lourless. Ordway 'mentions having 

obtained eoluv»rIess crystals, aiid this is eonlirmetl by the more recent 
* «> ‘ 

* Ditto, {'ompt. rctiil., 1S79, 89 , (vtl. ^ 

Funk, lier.y 1S99. 32 , DU ; Ordway, Amer. J. i885, 40 , 325. 

* With lU'or*' itiluto aoid forrouiy iiitrato is apt to 1 h' f«»rTned. See p. 175. 

* Onlway, Amer. ,/. Nn . 1850, 9 , 30. 

‘ Ditte (tor. nt.) has dosordxMl a third —mmicly, th'' trihydrate, Fe(N 05 )j. 3 Hj 0 . 

* Ordway, J. prakt, Chetn. 53 , 64. 

’ Sutgunhrt, Bull. Amd. Sri. i\trograd, 1913, p. 407. 

* Hausmanii, .4nnatrn, 1854, 89 , 109; Wildenstoin, J. praH. CMm., 1^61, 84 , 243. 

' • Funk, Btr., 1899, 32 , fO. . 
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W(Ktc OP Oanlbert ^nd lliuinson,* who*took elithoratr to 

prepare a very pure salt* A pure speeiinen ol* ferric chloride, free IVoin 
arsenic, sulphate, •alkali, or alkaliiie earth iju‘t;ils,^\vas dissolved in con- 
ductivity wat^r and electrolysed hetwcen ividnnn ticctrodes. I’lie 
deposit of iron on the cathode was dAsolved in pure flilutcd nitric acid, 
and the solution eoiic*cnt rated on the water-bgth. 'I’^ie salt was crystal- 
lised from solytion it* Vonetait rated nitrK- acid. sej)arale(l from th» 
mother lupior, and reervstalli^oil several times fiom^the concent ratt'd 
acid. The crystals so ^^hhiinc'd w<re etJunrkss/ ol* while' when seen 

ij^bulk. * • • * * I 

Ferric iiitrah* ifl acpieoiis solution it cedm'i'd by nutaHie sTlver lo 
j;he ferrous condition, e(pnlibriiim l>ein^f ultimately aitained aeeordm^^ 
to the equation , # * • 

Ag t l<V(NOa)3- -AA’<), I K<'(N().,)r- v • 

In dilute soHition ferric iiilnile is liydniljised! yielilmg eolkiidiil 
ferric h^^tfroxide andjifee nirt'ic* acid. Si^eli solid i<ai ^i\es no coloration 
with potassium l’(‘rroeyanid('. Mn less dilute solid ions, to w inch potas- 
sium ferroeyanide has already Ixi'ii added, the blue colour eradnally 
intensities ow'in<^ t<f the eontinued ye-fornmtion ol li rrie nitrate, as tlie 
equilibrium represented by tin* e<[uation 

/e(OlI), i mSO,. Fe(NO,), I nlhO , 

*is disturbed, o\Wti^^ to remo\ al of ferric nit rat e as insol nbl<“ l*i iissiap blue.'* 
Aqueous solutions of ferric nitrate ei^idaimn^^ Ic ss than Od per^Kfit. 
are quite colourless. ^ 

The heat of formation of IVrne nitrate is iri\en by ThrUftlol as 
follow^s : — 


2fFe] 4- JKX.,) 

Numerous basic ferric nitrates ha\< 
> uncrvstallisaf)le substaiiees, and eoidam 


Aq.--‘jFe(N(),),.A<i. 

b(M n 

\ar\nijr 


;31 l..‘t()() calories. 

(lesitibed. They are 
nmouids <tl water. 


llauynaiin,* by boiling solutions of I’eri le ml rate, ob^iiimal the tollowi-^g 
supposed eompounds; oO^.N^O^. 1*811./), and 

8Fe203.N,05.I2ll20. 

Scheurer-Kestner '* identiliial ‘2l*’e/),.N./)'.Il2^). 
and dFcaO^.N^Os-.-ill/). (’anu ron and * lh>l)insoii.“ ^^owever, hate 


])roved^tliat no definite basic 
fl«n *25° the ^ilid j)lKi’ 


mt rales of iron an formal from solu* 
li;r-,e umier^ln si eoiKlil^ons eoiisistin^^ of a 
sulid solution of ferric oxnle. mtri<’ acid, and w^ter. Il seems unlikel^^, 
therefore, that the substances* tlesenhed b\^ Ilansmann and ^elieurer- 
Kestner are detinile^’omponnds^ , ,, .-v 

An acid nitfafe, ‘J|m(N(){)m. 21IN()3.17J120; 

appears also to have been pi'ejaMnd,' .iftlioneli later attehijits to obtain 
the salt proved aliortive. • . ..... • 

With caesium nitrate «the Joiible salt, C'sNO ..In (NO/^.TjIgO, 4S 
formed » as pale yellow d^liqueseeid crystals, melting at ^11° to 80^^ C. ^ 


* Lambert and Thi)mi*<>n, Tratut. ( A^'m Sor , IblO, 97 , 2426. 

* Noyes and Brann, J. Amer. ('ketn. Sor., ’,1)12, 34, 

® j^'tony and (razze^i, 1800, 26 , i. 20.1. 

* Hansmann, Annakn, l»s4, ^ 100- ^ 

• ® S^eurer-Kestner, Ann. ('him. Phyn., 1800, 55 , 220. 

* Cam«ron and Kobinson, J. Vhy/fvml ('hem., 1000, 53 , 04f 
’ Cameron and Robinson, loc. cU. 

•<* Wella anOi cc^taboraq'xa, .4wi€f. Chem. J., 1901, 516 , 276. 
VOL. IX/iU. 
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• • 

NITROSO SALTS. 

Ferrous salts nadily combine in fioliiiioii with nitric oxide to form 
nitroso derivatives, irt whiefi one molecule of nitric oxi^c is combined 
for each atom of ferrous iron. 'Wicsc substances, •sckveral of which are 
dcscrib(jd in coiuu etion with theit* r(‘spective ne^al^ve radicles (see pp. 
p.*3, 95, 105, 15.7. l5l), reaflily dissociate in solKlj-on in accordance with 
the reversi})lc reaction : ^ « 

N ^ Fe(l\6)-. -Fe“ I NO. 

By lowerini,Ntkc tcmpiTaturi*, by raisin<r th(‘ pressure, or by inercasipg 
the eorK'entrution of lhc‘*fre(‘ ij,did, the c(piilibriuni is sliifted from right 
to left, the amount of the nitroso ;jalt being projiortionatcly increased^ 
but* never in excess erf the abovc-wientionvd ratio. ^ VVJu n the increase 
is due tO|‘id(htion of acids, llu* e(Mour of the solution changes, and the 
absorption bund in the yellow region (if tin* spectrum <i!isa])pears. This 
is indieativ(‘ of a eliang'e of constitution, ryuuplex anions being formed 
which are more slah'le than tii*- nitroso yations. * 

Ferro - heptd n itroso S ul ph Uies, M Fc‘ j{ N ( J )-S 3 . 

Nitroso derivative's of a'mon* e‘om])l x ami meu'e stable character 
than the' forc'going we re* eliseoveivei by Ueaissin in 1858.“ 'this investi- 
gator eibservi'el that a black voluminous 'pre*eipitate‘ i^j obtained when 
a mixture eif anunemium sulpluele* and alkali nitrite* is aehleel te) an* 
aeyieoiN solution e)f I’errous sul|diate. On boiling, the' ])ree*ipitate jiasse'S 
into svilution. The; liejuiel is lilte-re'd, anel, iipeui cooling, black crystals 
separate out, the e*ompe)sition eif whiedi has been the subjee-t of 
considerable' elise'iissiein. The' reae'tiein does ueit pre)e'e'e'd in perfectly 
neutral solution, a gre'en liepior eiidy being [iroelue'cel, e'onsisting of 
sulphide's e)f ire)n anel sodnim. e ntire'ly free* from any nitroso elerivativc. 
The fireseiu'e; of' a small epiantity of ae*iel, howe'ver, results in the 
formutiefli of tli’e' nitre>se> ele rivativc, preebably beesuise it libe rate s nitrous ® 
avd, which aeds direct u|)on the* ferrous salt. . . 

Koussin, as the' result of his analyses, attributeel to the nitre)se) 
derivative a fe^rmula which, translate'd intei moelern e cjuiN ale nts, becomes 
H,Fo3(NO);8' . 

' Other later^ investigat(»rs^have obtaineei similar substances either by 
an exact rcpe;tition eif Uemssin’s me'lhe>d or by aelopting slight, modifi- 
cations of the same; The varieiVis fe>rmu}a' suggo'ded by them hir tfifr 
nitroso derivative are gfeeii in the accompanying table : 


II *■ 0 

Piinnula. 

' AuthoAty. 

Fc,(N0),S*.-jK,0, . ' V 

Poreziusky, Anualen, 1868, 125,302. 

Fe,(Np,),S,4Nll,), . . 

1 Demel, M*r., Ik79, 12, 161, 1948. 

K,Fe,(NO)„S, .211.0 • . 

1 Pavel, ibid., p. U07, 1949. 

,Fe,(N0),„S„.«I,0‘ . . 

UoM'ube'rg, ibif},, p. 1715. 

2[Fe,{Np),S,NO,]3H.p . 

Mario and Marepiis, Co?upt. rend., 1896, 

122, /137, 


^ * t • 


^ S<e KfihlsohiAter and Sazanoff, Ber., 1911, 44 , 142.7 ; Gay, ..4»w. Chiin, 1886,," 

, ( 6 ). 5 , 146 ; Peligot, ibid,, 1833, (2), 54 , 17. < . 

* Rott8sin|; Comjii. rewrf?, 1858, 46 , 224 ; Awn. Ch^ Pbys.\ 1858, (St), $2* 28^5. 
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In issi, howe^ier, Avel reconsid<?r#d his formula, and suggested 

. • MFe,(NOhS„ ^ 

where M represents aininoniuin or one of fhe';ilkiili metals J This 
formula has since. Ifeeiw ficeeptcd bw the miijorih of workers in this 
held.* , . • 

Cryoscopic niflRur^^rMcnts of the sodiuiu*aiui pcTlassium salts giv'c^ 
values for the molecular weiglfl^s ecpial to half those corresponding to 
the simple formuia MF(^(\())-S.„ and tliy.s indic^t(» fhat th^ salts are 
cojTiph‘t<‘ly dis5ociat%‘d into the ions M ;^nd Fej(\())jl^;j ; also electric 
conductivity mwasurcynents show that*tju‘ suits are (iiTij'cd From a 
nionobasic acid, and that they have the simple moleiailar formula ; - 

[MFe 4 (NC)) 7 S 3 j„, Aviiere u- =1. • • 

The f('rro-heptanitroso sulphides (‘onstitute a wcll-dc ll^icit scries of 
crystalline salts. • In so lar as the salts of the alkjili metals are concerned, 
the order *of their solubilities m water is as follows#: 

• . * • 

Potassium, sodium, aniTnouipm, rubidium, and ea-sinm. 

Ihc potassium i^alt is the most solubh*, whilst tin* cusinm salt is 
quite insoluble m water. Ilftth Hie rubnlium and the casium salts 
may be prepared by double deeomjiosition of dilute solutions of tluar 
^chlorides with t^e nitroso salts ofNodium or potassium.* Tin* thallium 
salt may be pre^^ired in a similar maniur by means of thallium si^phate. 
Ihe nitroso salts ot the alkaline earth^nntals ealeium, bariunn^iid 
magnesium — are very soluble m water. 

Pot^siuni ferro-heptanitroso sulphide, KFi ,(N());S,.ll^).- To pro" 
pare this salt, Pavel ^ raised a solution of potassium mlrit< to boiling, 
added sodium sulphide, and, linally, with rejxated shaking, a .solution 
ol lerrous sulphate lu small quantitn s at a tinn-. l'[)on erystalli|^iti()n 
the nitro.so c^u'uative si'paratcd out in monoelinie er* steals wjiich were 
* purilied by ri'erystallisation from warm water i||^d eaibon disutphide in 
succiifcsion, and linally dined over pln»sphorus piaito.vde. f 

The same eijiiqiound results* when a dilut<- solution of jiota.ssium 
sulphide or sulphydrate is adiled to one ol‘ ferrous sul]>h»^W containing 
nitric oxide. ^ 

When a solution of jiotassiun^ feri^>-dinitroso • t hiosulphafc, 
KFc(Nt))2S203.1l20, IS boiled, sulphui^ dn»xide is e\pi ll<^, and lerric 
i^^roKide prccipitatefl. JJpdli eonet nt rating the eh»ir solution obtiiined 
bj tiltcring, crystals of potassium ferro-liei^tanitroso ailphide ate 
obtained.^ • • • • 

When acted upi^ni with diUit^- sulphurie acid, the fioPassiiiiri salt 
yields the free afiH, hydrogen ferro-he^^lanitroso 8ulphi4l^,lll’ e4(ivO);S3* 
as an insoluble, amorphous# pra*ipitat<*. Jt is very miscible. When 
boiled with dilute* jiotassium hydroxide solution, the p^tits'kium hepta- * 
nitroso derivative yields pofassiufn ferro-dinitro.so suTphftlcL KFetNOUfi. 
(seep. 181). * 

‘ Pavel, Jier., 18«2, 15 , 2000 . • t 

® See Roaeiil)erg, Arktv Ketn. Mm. OW., 1011, 4 , (3),»1 ; Cam In, Ath H. Aicad. Lincei, 
1908, (5), 17 , i. 2^2 ; mi, (5), 16 , ii. ; i;<*lliirci anrl ( 6 ), 17 , i. 424 f 

1907, (5), x 6 , li. 740 ; RtiUucci and ^enditnri^ 6 k/., 1900, (Ok 14 , i. 28, 98 ; Hofmann and 
Wiede, Zeioich. imorg. Chem., 1896, 9 , 296 ; MarchlewHki anti^achb, ihid., 1892, 2, 176. 

® Bellucoi and CamevaU, AUi H. Acaid. Linwi, 1907, (5), 16, li. 584. • t • 

> * Pavel, JSer., 1879, 12, 1407. 

* HolnuuCa Imd Wiede, itHsch. gmarg. 1895, 9 , 296. • 
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Sodhim ferro-heptanitroso sulphide, NaFe4(NO)7S8.2Hj<>, <nay be 

obtained in a similar manner to the potassium jsalt by boiling a solution 
of sodium ferro-dinitroso^ t lyosulphat^, as also by th5 action of sodium 
nitrite and sul])liid(‘ 'solutions upon ferrous ^sulphate. ',In this latter 
reaction the sodium sulphidt; JuayHbe replaced hy sodium thioearbonate, 

Na^CS^. ' t # * ^ 

p Tlu‘ const itut ion ^ of tfiis^salt has been reprt?w*ntcd a^s follows : — 

* SNa * •» 

* I 

(<S’0).Fe.(N0) 

• •• I 

(NO),K(*.S.Fe.S.Fe(NO)3 

■ ‘jlo. . 


Upon erystallisation tlu‘ salt is obtained as monooiinic iTcedles. It 
is more readily soliil^U' Tu wate r than the ]*otassium salt. It*bcgins to 
decompose at !St) ' t'., evolving^iitric oxific. Headed with eonei^ntrated 
sulphurie acid, lh<' salt deeomposes: evolving nitrie oxide, nitrogen, and 
hydrogen sulphide' ; sulphur is precipitated out, aiui, iijKin evaporating 
the liliered solution, I’errie sulphate anil sodium and ammonium sulphates 
are left. On the othe r hand, when treat ^*d with iee-cold eoneentrated . 
sulphurie acid,, a portion only of the ’’sodium heptanitivso derivative is^ 
doeonij^osed. and the lilierated iron atoms re])laee thosv of sodium in 
tluir^Tmaimng nniil tacked jiorVjoin yie'lding ferrous ferro-heptanitroso 
ppulphhVe, I^'e| Ke,(N());S,|.,. This salt may also be obtained by double 
deconijSosit idii of tiu' sodium salt with ferrous sulphate'. The resulting 
])recipitate is washeel, ree'rystalliseel freim etlier, ami linaliy from w'ater. 

It begins te» eleeennpose' at 55” C’. 

Atj^imonium ferro-heptanitroso sulphide, Nl^Fe is 

readily ojilaine^el hy deaiiih' de'eom))e>sitie>ii of tiie seieiigm salt with 
ammonium e-arlionate'. ,/rhe [ux eipitated salt is washed anel reerystalliscd ^ 
frsan warm Avater r''nelere'd faintly alkaline' with amineniia. It m^.y be 
prepared h}^ jiassing nitric eixieie- feu* seinie ten hemrs inte) freshly precipi- 
tated ferreiy^s ‘sul|)hiele' suspeiieh'd in wateT, without previous addition 
of ammonia." 'i'lu' salt is e^ytraeted fremi the exec'ss eif ferrous sulphide 
wUh warm alt',>he)l, and i\%Tystadised freim water. 

It also r(.;su!ts wlu'ii nitrie pxide is passed through a mixture of 
ferrous l\ydre>xide rind carbon disuljihufc jvdurtiled with amnumfe. 

e ferreius hyelreixieh' isSihJaine d hv jireeipitatiem freim ferrous sulphate, 
aiu^ the passage ,e>f nitric oxide is maifdained lor some eight hours. 
The ammeiitlum salt is extraete*d fro^nuthe mixture with hot alcohol. 
The saiiie salt is..fornve'd even without the addition of ammonia, by the 
action of udrie oxide on ferrous h^^droxide suspended in carbon 
; disulphide.'*' ♦ 

The eryst^drf arc monoclinic prismrf; less' soluble tlian those of the 
sodium salt, but, like the latter, they begin te» decompose at 80° C, 

By warming the solutions off.this salt with the hydroxides of the 
aikulinc earth metals until ammonia ceases to escape, the corresponding 
salts of calcium, barium, and magnesium have* been obtained. These, 
however, are less stable than the a[ imonii’m salt. ^ 

“ Rosenberg, Arhiv Kern. Min, 1911, 4, (3), 1. ^ 

• Hofmann and Wiede, Zeitseh. amrg. 11^, 9^ ^ 
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Tebiimetbyl ammonium. ferro-heiManitToso sulphide, N(CIIg)i. 

Fe4(NO)7S8, yields triclirtic crystijs : — * 

a lb: : J ; 1*3125. a =^87*^ 2 9 5^. ^06 ' 7\ 

•• y=»98M4'. l)«isity,”2()5(-. • 

Tlie tetra -ethyl *salt. is likewise trieliine* ]><>ss<'#<iii 
crystal lo^^raphil’ eleine^its : « 

a :h: -:1 ()2‘/l >1 : 1 *0217. a# 85 ’ S'* <p’ 97^ sV 

^ ' •y-^99n7*5'. Dinsi^y. 1SS3. .* 

. of the f^lJ!(^^^inL^ im-tah. ]i;n 


tlu' followi 


in^r 


I 

also been 


Heptanitroso h'rro-MiIphide*- 
*obtaiiicd ; “ • • ^ 

Caesiumt C'sFi ,(\());S.,.Il,(). 

Rubidium, Rbr(>,(NO)-S,.ll^(). nnd i 
• Thallium, Tll'( 4(X())-S.5.il/). 

Of Phese the lirsf-*nam(‘d i?^ readily ^dilanuil fiy addinj^r a solution 
of Cfesiuin chloride to one of sodium lu ptamlmso b rro-siilphide. when 
the caesium derivn,ti\'e is piaripMati'd as an insoluble black (T\stallinc 
powdiT. 'riu' rubidium deri\♦ati\^, obtaimd in an analoejais manner, 
presents a similar appearance*. Tlie thnllium sail is likewise dijricultly 
soluble in water* and is obtained bV double (hconipi)sil a^n wilii llialliuin 
sulphate and l^e potassium di rivative. ^ 

The hydrazine, NJ 1 ,,.F(‘,(\());S^ and the hydroxylajjtino, 
NIl20H.Fei(N0)7S3, derivatives have beiii pre)>ar<'d.* ^ 


Ferro’dinitro.so Sulphides, MFc (\( )).,':>. 

On boilino potassium ferro-heptamiroso sulphidi with ^dilute 
potassium hydroxide, ferric hvdro\id(‘ is deposit! d. an*l. u))on eonfi iitra- 
• tioii of the littered lirpiid, dark nd crystals of potassium ferrf)*-dinitro 80 
sulphide^ are obtained^ to which the Ibrinil^a KFi (X())nS. 2 lljOyis 
aserf^)ed. The reaction may be represented ns folloVs : 

2 KFc4 (NO)7S3 f 4lv0II-C,kFe(\0),S i Fi/)., i X,«^2H/). 

The reverse transformation is efh-eted J)y treat imut with (‘arUon 
dioxide, dilute acids, or ferrous ehloriPle.'' • 

The sodium salt, NaF4*(NO)2.S. Idl/), may be [iitjian'd in an 
^^nakfgous manner. It was the iirst salt of t^is sfries to lx* obtained, 
and Roussin,” its discoverer, fjave to it a fownula which, translated irflo 
modern equivalents, IxH'omes 3 Na 2 S.Fej,S.,(X())jj. • * * • 

The ammonium* salt cannot be obt.wmd by Ixalmg tlx- ariBiiTiniinin 
hepta derivative with aninioi^iiim hydroxide, nor hf the aeti!)n of 
ammonia upon the free acid. It rt suits, lHAvc\< r. wl^t j.lhe fme ucicU 
is treated with ammonium,sulpl^ide. *It is verv^imsiaby*. 'I'he caDftiiyti, 
*iroil, and thallium salt.s have b<*en prejiand. ^The last-tiamed is quite 
' insoluble in water and iif alcohol. ^ ^ 

The free acid is obtained by deccfitiposiiig the sodium or potassiiltn 

• • 

* Zambonini, ZeiUch. Kry>^ M'n,, 1910, 47 , 020. * 

* Pavrl, Ber„ 1870, 1 2 , *1407. | • 

Btflucci and Cecchetti, AUi R. Aerwi. Litu-ei, mMt, ( >), i<, ij. 407. 

‘ PavefAy., 1882, 15, mHl * • 

** BoBen^rg, Arhv Kern. i/in. Oeo/,, 1911, 4, (3). 1. 

^ RouMin»7<mij|N. r«n</j|*1868, 46, 22i. 
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salt with dilute mineral acid. 4t is a yellowish brown amoimh&us sub- 
stance, insoluble in water, more solul^c in alcdhol, ajid readily soluble 
in carbon disulphide. , lt»slowly decomposes on standing, 

Ferro*(liniiroso 'Thiosulphates, MF»(n6)2S203. 

Potassium ferro-dinitroso^ thiosulphate,^ KIi:‘^N6)2S203.H20, results 
^heri nitric oxide is ])assed into a eonecn^ratod mixed solfition of ferrous 
sulphate aiid [lotifrjidum t}iiosidpliat(‘ af. room ^eniper;^ture. The solu- 
tion becomes de('[) brAwn in I'olour, and recldish bfown crystals of the 
potassium salt jfrA ubtairp^d oh .concent ration. TJu^sa[l is but slightty 
soluble in (;old wat(T, and is insoluble in water-fn e alcohol and in ether. 
Concentrated sul})huric acid dissolve?, it without dceom])osition, yielding* 
a greenish yellow soluYion. / * 

Alkali(?s partly (h eomposc the salt in the warm, whilst ammonia 
effects its eomjih te {h'composition. * 

The sodium sjilt^ i*JaKe(N())2S203.2Jl2f), is tblained in 'a^similar 
manner to tin* pree('ding salt. It yiilds eitlui laminaUd or needle- 
shaped crystals, which are glistiMiihg black in appearance. They are 
appreciably more soluble in .water tlfan those of the potassium salt, 
and yi(‘ld a d(‘(‘)) brown solution. 'I’fie salt is fairly stable below 0° C., 
but above that ternperatun' eontiniKHisly .evolves nitric oxide. When 
its aqueous siflution is boiled, sulphur dioxide is*, expelled and* 
ferric Ip/droxide pna ipitjited. Upon eoneentrating the^elear solution 
obtfl^ed by liltoring, crystals «)f sodium ferro-h('ptanitroso sulphide, 
•.NaFe,,^I0hS^,.ir20, sef)arate out.“ 

The*'ammonium salt,^ (Nll4)Fe(N0)2S203.hl20, may he prepared 
in an analogous manner. It may be reerystallised from warm water, 
when it yii'lds Hat prisms, black in colour. 

T14' rubidium .2)11(1 caesium salts - have also bec^i prepared, namely 
IlbFc(N())2S2() jkl loO jmd C'sF('(N())2S2()3. Thallium, apparently, docs 
not yield an analogous ».^lt under like conditions. 

Nitroso pciitacyanoferratcS, M2[Fe(CN)5NOJ. 

For a di.^ft.ssion of thesi' salts S(‘e Chapter IX. 

* I •• 

. IKON AND. rilOSPlIORUS. 

< ' fc f. 

Iron Phosphides.-* IrfTn unites with phosphorus in several proportions:; 
Nine supposed jihosphides* have Ix en described, and four of them 
cert&inly exist •* ; lh(‘se ar(\ Fe.,P, Fi^P.^FcP, and 
• Trifefirro phos^)hide, Fiy,P, ix'eurs ah ( rystals embedded in a eutectic 
mixture of thi;? phosphide and fron when *}:)hosphorus' and iron con- 
• tainingimore«t<‘uin 84 I jy^r /‘cnt. of iron are fused togi'ther. Its density 
is 6*74, and meltvig-point U. It dissolves in eoneentrated aqueous 
hydrogel! ehlof ide, evolv^ig pure hydrogen. 'J'hus:- *^ • 

‘ Fe^,P 1 OIICI I fllgOt JiFeClg f HgPO^+nH. 

Triferrc) phosphide has been found in a cavity of pig jiron from a 
blast furnaei* near Mi(1dh sbrough, irythe for^n of small tin-white needles, 

. ^ A. Hofmann and Wiode, Zritsrh. anorg. Vhem., 1895, 8 , 318. 

* Hofmann and Wiode, 1895, 9 , 295. ^ ^ 

• LnChatelior an^* Wologdine, CwnpL feiid.,*I909, Hf), 71)9. ’ 
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strongly rhagnetic/ind ffistrous. *The crystals belong to the sphenoidal- 
hemihedral class of the tetragonal system,^ with tlic ratio 

:0-346C. . . 

Save for the fibsgj(*c of^iickci the (^ystalij an* iiienJlKal witli rhabditc 
(see p. 26). * • 

Diferro phosphiaej tV 2 P, may be obtanu^l by limiting finely divided 
iron with oop}V*r ))li()sphide ii^ an elect l ie* fuvnaee.'^ On dissolving tHb 
residue in nitric, acid ci’ysjtallide inudh^ remain, yf'densitj; 6 -56, and 
melting at 1260'' Diferro |)hos|)hide fnay alsf> be obtained by fusing 
ifon and plK)syhosn:^ together and su[)^(‘qin‘ntly sep.'ti'ating t^e jmore 
magnetic impurities. It is insolnbh* tn acids, (“\ee))t •a(|ua regia. ^ 
‘Fluorine attacks it at nd heat. •tVli^ii heated in air it oxidises to a 
basic ferric phosjilmte. • •, * • ' 

Iron monophosphide, F< P, results when vaporised jfifisphorns is 
passed over ditV^’ro phos]>hide at red heat, nnjil m> birtlur increase in 
weighty occurs.'* It l^is als^ been prepared b\ Inciting phosjihorus and 
iron togetber at rial neat,* aiuUalso l)\ ttie action of hydrogen jihosphide 
upon ferric ebloricha'* ferrous siilplirdi,*’ oi lerroiis chloride’ at red heat. 

Heated in aii* it loses pail of its j)hosphoriis, ferric phosphate 
remaining. 

Iron sesqui-phosphlde, FtoP;^. niay 1 h‘ prepared by beating ierrie 
• chloride to (l\^l redness in phosphorus vapour,^ or by tlu' action of 
phosphorus uTdide upon redueial iron.** II ervstallisi*s m brilliant grey 
needles, is not magnetic, and is insohbile m hydioeIilori<‘ and in^itrie 
acid, as also in aipia regia. It loses phosphorus when hiated^ln air (U. 
bright red lieat, and is slowly al tacked by eblorme at diilf rial Heat. 


In addition to tlu' foregoing. sev<‘ral otlx i phosjih.idi'S have been 
described, but tbc»evidenee in faxoiii' ol these liemg separate eju*mical 
entities is pot so convincing. l{os<' beh« \cd thitt In* Iwul )H*epared 
triferro tetraphosphj^e, Fc;,!*,. b\ the aelioi^ ol )iy(rrogen**phosphide 
up«n pyrites : - • , ^ 

H»Il3 } :3K< S, \h J\ 1 6ll,S. 

The product is bluisli gnw m appearaneix permaiu^in air, hut, 
when heated to a higli lemperatiire, it oxyiises to jihospnoriis penti^ide 
and an iron phosphate, the forim r Jieing Evolved as tunics. Density 
It is not magnetic.** • • 

• By reduction ol^iroik pl*osj)hale in hydroijr, u. tr by p.issing vapours 
phosphorus trichloride, tribromide, or^tn-iodah- o\ i j reduced gfon 
at red heat, Granger obtaiinM *“ grey prismatic eiy^tals of •ornpi^sition 


^ Spencer, , lidli, I7» 

* Maronneaii,<V)w;;/. rduL, 

^ I.ie Chatelier and Wologdiifc, loc. at. 

« Schrotter, SilfartrjHfHr. K. AH^uL iVvji. UMli.iZ, 30 L 
^ Freeze and Hose, Po^/q, Afinalnif Is32, 24, .M)l. 


1^5 (’hatelif-r an<l Welo^dine, he. rit. 


» Struve, Bull. Ac/ul. Set. Petrogrn^, IKdO l, 1,>3. 

’ Dennis and B. S. (Bushman. J. Amrr Chn». Si/r , 1W4. 10, 4/ 


» Granger, Compt. rend., 122, fl30 .•Mull Sor. rhim., lH{m.*(3), 15, 4086 ; P^em, 
News, 1808, 77, 227. . , 

• Le Chatelier and Wotogdiiv, . nt. 

*• For further details (.f the iron->lv>sphoniH alloys see t}«s volume, l»art TII. 

“ Rdfce, Annahn, 1826,*6, 212 ; freeze and \Um‘, M., 18.32, 24, 301 ; Free»*, 

read., 1890, 123, 170 : Bull. .SV. rMm., 1890,*(3), I ' 10«0 j Clum. 
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FciPg. FegPg has also been discribed ^ as forming •glistening fiecdles, 
almost insolublr in concentrated nitric dnd i» dilute sulphuric aciS, 
but readily soluble in aqija r^'gia. 

Ferrous hypophosphite, Fe(IIjjP02)2, resujts op dissolving iron in 
hypophos{)lK)rous acid, air being Carefully excXided'.* The metal dis- 
solves with <*volution f)f hyjirogen gas, and the salt passes into solution. 
l,t is also obtainecf by double decomposition ’of solutions of ferrous 
sulphate and the l)anum sall.^ Ferrous* hypoyhosphite crystallises in 
green octafiedra, wlfceh r(‘a(hl }4 oxidise on exjiosurc to kiVy 

Ferric hypophpsphite, Fe^lgrO^);}, is obtained * as an insoluble 
whii(' ]t)wdvr on dissolv*ing frtshly preeipitated' ferrit* hydroxide in 
dilute h}’f)ophos|)horous aeid in the epld, and allowing to evaporate. It 
dee(^nposes on warming, yielding mixture of ferrous and ferric hypo- 
phosphites^ on warming with aeidV an evolution of hydrogen phosphide 
tak('S place. • • * 

Ferrous phosphite, HellPO;^, is prcparc^l as a white powder on 
saturating phosjihonfs triehlorikle with ammonia* *and mixing 'with a 
solution of ferrous sulphate*. Tin* pncipitatt* is washed with hot water 
and dried in a vaeuum over sulphurie acid. When lu'i^ted it decomposes 
with ineandeseeiH'e, ( volving hydrogen ga.^#. 

Ferric phosphite, Feo(in’(),)^ has Ixrn obtained only in solution*^ 
by dissf)l\’ing freshly precipitated ferriv hydroxide in phpsjihoroiis acid. 
On dilution with water a basic phosjihiti* is obtained of ’probable com- 
position 1 u* 2 ( 1 1 UOa):i-' ^’<'(0 1 1 )a. , 

X^l^sic ferric phosphite, Fe,(irP0.,)(j.Fe(0II).,.5ll20, has been 
cTcscrilKv.’ « 

Ferrous orthophosphate occurs in nature in the oelaliydratcd form 
as viviauitr (see p. Fe;j(P 0 ,). 2 .iSn.,(), in monoelinie crystals.** 

When nerfeetly pure tin* crystals are eolourless,** Kul most specimens 
are tinged with a 'greenish blue in (‘oiise(|uenoe of slight joxidation.^® 
They melt rit 1111“ C.“ 

Jl’he salt may bo olitained hy heating diferrous orthophosphate 
with waiter to : by beating in u sealed tiilx* mixed solutions of 

sodium pho.spluvte and IVVrous sul|)bate in an atmosjihere of carbon 
dioxiiie ; or^^y electrolysis of sodium phosphate solution, using an 
iron anode. , 

A powaler containing at bust 00 per cent, of the oetahydrated 
ferrous phosphate is, obtained b\^ mixing solutions of sodium acetate 
(2 parts), sodium phosplijtte (10 parts), and ferrous sulphate (8 parts),' 
and allowing to stand m the hbsenee of airdor st veral days. The preci- 
pitate is colkx'ted on a calico hlter and dried at 40°tC,*** If the liquid 

1 Kuhn, Chew* Zfit., 1910. 34 . 4,-). „ 

* Rose, Avnak», IH28, 12 , 292. 

* VVub*, Chan. Phyn.x 1840, (5), l 6 , 190.‘ ^ Itosc, loc, cit. 

t ® Rtwe, /V^. 1827, 9 , 3r>. '• ’ 

* Grjt 7 JUT,*^lrcA. Pharni,, 1897. 235 . 093. , 

Berger, Compt. rend., 1904, 138 , 1500. 

^ • R^mmeUWrg, Pogg. Annalrn, IWf, 64 , 251, 40fi. 

* Colourless crystals have Ixrn found at IXdaware in Pennsylvania, 

Beville, Compt. rend., 1804, 59 , 40. , 1 

n Cusack, /Voe, Iru^h Arad., 1897^(3), 4 , 3^>. 

** llebray, .4nn, Chim. 1801, (3),’6i, 437. 

“ Hors'oid, l^tzungsher. K. Akad. H 18T3, 67 , 406. 

** Becquerel, Ann. Chim. Phyg., 1833, (2), 54 , 149. 

»» E. J. Evans, Phrtm^, J., 1897. (4), 4 . 141. 
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and precipitate aremnaintamed tojyether at a temperature of 60° to 80^ C. 
for a week, small ^crystals develop. 

The salt is insoluble in water; it readily •oxyiises in air, becoming 
bluish in coloiir. « , 

The kexahydrdfe, F>;j(PO^) 2 . 6 H 2 CJ has been j,r(‘f)ai:ed by the pro- 
longed heatkig at {^ 6 ° C. of linely powdcrec^ ferrou^ enrl)t)nate held in 
suspension in an aque#ifs solution of amniftniuin phosphate*. The same 
substance results if a solution wf ferroiiw earhonati^ in carbonic acid is 
heated with amidonium phhspliate.^ (umtier suggests that the mineral 
vivianitc has origiiuited in a similar njaiintr to this, hut that the |eaytion 
has proceeded f 6 r a*lobger tinu‘ and at ab»W(T ftmiperaturi*, whieTi would 
•explain the higher water content o£ the iniiuTal. ‘‘ 

Ferrous hydrogen orthophosphate^ 1m lias be( n obtatned m 

by dissolving iron in boiling phosphoric acid solulion. The salt crystal- 
lises out in*eoloiMrless lu'cdles which become bluish in air ; *t is insoluble 
in water, ‘but readily dissolves in dibit <* acids ifiul^in flmmonia. When 
heated ^Vith water t(t^5()'' C.. ij is eonv^'ted into \ ivianit e.-^ 

On adding ammonium phosphate solution to ferrous chloride in 
alcohol saturated ^itli nitric oxide at 0 " a viscid oily li(juid is preci- 
pitated, which crystallises when placid Tn a freezing mixture. Upon 
careful purification at low^ temperalBres, brown flaky (Tystals are 
^obtained, whieU melt at ItU U., ifnd ha\(‘ the eomp(>sition represenled 
by the fomiwffa FellPOi.NO.-^ Uj)on <‘xposure to air it ^ixidises 
slowly, yielding white ferric phosphat(‘., ^ 

Ferrous dihydrogen orthophosphate, 1m (lUPOjlg. 211.^0. is c^lflfainecl 
by dissolving iron in excess of pliosphoric acid solid ion* in a*eurrent 
of hydrogen gas. Excess of acid is removed by washing with ether, 
and the substance dried in hydrogtn.'* Obtaiiud in lliis way the 
salt is a white, eiystalline powd(r. which readily oxidises j^\ air, 
yielding a f(;;rric salt. It is insoluble in alcohol, but r(‘adily dissolves > 
in water, * 

Berric orthophosphate.— The dihydratc, Im Py^. 2 ll 2 (), occurs «in 
nature as sirengite (see p. 27), mid may be obtained m the* laboratory 
in crystalline form by heating a eoneentrab'd solulion o f f< T rie chloride * 
with phosphoric acid in a sealed tub(‘ at to 190 'TV for sev'eral 

hours, when it separates out as small jose-eojourid monnK linic crystffls, 
of deniity 2*74 at 15° U. The crystals jlosely resemble thi^siof strerigitc, 
Vit the latter are fhon^bic^. They are insoluhloi in liilrie acid, but 
dissolve in hydrochloric .aeid.^ ^ ^ 

The amoridions dihydratct*(‘sults as a yellow ish~wihite preiipitaj,p on 
mixing solutions of*.sodium pluisphate and ferric eliloridi^ t»r si^Iphate.® 

It may also brt fTjrmed by dissolvingjron in excess oj phosplioric aeitl 
and expo^ng to the air^f by .saturating a 48 jxr eeiit. solution of 
.phosphoric acid *011 the water-bat h» with irop powdiw** by foiling* 
solutions of ferric metaphftsplurte, ferric ^lihydrogeiT ort]ii)phosphate,\>r 
^of acid ferric phosphate > or by evaporating mixed solution of ferrip 
chloride (4 molecules) and disodium^hydrogen jihosphAte (1 molecu]^ 

^ Gautier, Comjtt. rend.^ 1893, Il6, 1401 

• * Debray, Anji, Cktt^. Phy4., 1801. (3), 6i, 4.37. 

» Manchot. Her., ^914, 47.J<W1. * 

• * Erlenineyer, AnwiJcn, ifnH, 194, 176. **• 

^•de Schiilten, ComjA. rend., 1885, 100, 1.522. 

* Heydenreioh, CAm. Ntm, 1801, 4 , 158 

^ Erteniipyer, 1878, 194 , 176. 
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with an excess of nitric acid, J^s the liquid bc5jome§ syrupyf a*copious 
separation of the phosphate occurs.^ • , 

For the preparation o/ t|je pure srflt, ('aven ^ reccfmmends addition 
of ferric chloride solution to one of orthophosphpric ajpid — made by 
boiling glacial meta])hosph(lric acki with watei until it ceases to give 
any precipitate witji bariiynn chloiTidc— in such proportionsi that rather 
more than twice as much aifid, calculated as ij present as is 

required to preeip^tat e the iron. The pvA^ipitate thus obtained appears, 
when suspended in iwi^ter, jKi/eetly white ; .wllen stnkned on calico, it 
possesses a sligUtly bluish tii\t. Since hot water hydrolyses the salj, 
the wajliing^should be e(mdue/(?d in the cold. * • - 

The resulting salt, whilst readily soluble in dilute mineral acids, is, 
insoiubh' in cold acetic acid, pHoj^dioric ^eid, and sodium phosphate. 
It is sligli^ly soluble in citric and tartaric acid solutions, and readily 
dissolves in ileutral a(|U(‘ous ammonium citrate, yicldyig a green solu- 
tion with a brownish thit.^ The salt is yisolublc in water# but hot 
water hydrolyses it, hnd boilin^r with excess of jftnmionia solution con- 
verts it into a mixture of ferric hydroxide"* and ferric ])hosphate, or 
if the ammonia is present in great (‘xci'ss the ferric ^phosphate may be 
entirely deeonq)os('(l. Thus • # 

F(d*0, I .qNIT,0IlV-F(;(01I)3 \ 

• r ^ 

The renetion is reversible, and on boiling a suspen>flon of freshly 
pre(1p^at('(l ferric hydroxidi^ in an a(jueous sohifion of ammonium 
phosplujte, ainmonia is liberated and ferric ))hos})hate remains.^ In 
eonse(|uen(*e of this reversibility, and owing to the v<)latility of amnnnua 
and the aeliv(‘ mass of the ammonium j)ho.sphate produced, it is not 
easy to carry the lirsl-numed reaction to completion, namely, in the 
dircetibn of from ^'ft t(» right in the foregoii\g equaSion. 

These, fciets I'avt' an important bearing on the separation and estima- 
tion of iron by nu'ans ofthTrie phosphate. 

♦The irih}fdraU\ Ft P(),. Jill/), occurs in nature hs tlie mineral Konirftkite 
(sec p. 27). , , • 

By heatiii!^ molecular pr(>portions of ferric chloride or acetate with 
phpsphoric acid on tin* wafer-bath for two days, the penta hydrated 
ifolt, ‘2FePO.,.5H/J. is obt/imed us a pink powder, sparingly soluble 
in water and •dilute acids. It ipay be re<uirded as the ferric Salt 
hydrogen ferri-'diorlhopjiosphate, IIjlFe(P(),).3]5ll20, and thcfcfo )9 
Wfitten as FelFe(P(),i) 2 l-)lIJ). wSeveral alkali (Icrivatives are known, 
the leorc hnuortant of whi(*h arc as follo\t* : — 

. Sodiwm lerri-diorthophospbate, NaH2|Fe(P0,)*]I^,0, is obtained 
by heating for.n iirolongial })t>rmd on the water-bat If a solution of 
, ferric bydroj^idc in phosph(»rie acid and sodium hydroxide. ^ It yields 
pale, pink crystals^ vvh^clf gradually absorb moistdre, yielding the 
trihydraU. t ^ 

r. « 

, » Arih,*eM«. chm„ ISSU, (3), 2 , , 

* Cttven, J. Hoc. Chem. InH., 15 , 17. 

* Hoydeufeiob, Chem. Ncw.t, 18(U. 4 , 158. 

* Caven. Joe. cit. ; Uaif.inetsl)org. Watta’ Dictidiary of ChetniMry, edihon 1877, Art. 

^Phi> 8 phates” (t^mgmana), ..'v (/ * t « 

“ T^ootloidal pknaphatc.pn'pared by the action of CHVioontratod ampu>ruum hydroxide 
on fetric phosphate, has hoen atuditKl by Holmes and Rindfnsi, J. Amer. Chem. Soc., 1916, 
«>a.l070. . r t 
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Ammdlalum fi^-dfwthophosphate^ NH.,.H 2 [Fe(P 04 ) 2 ], \\as ikst 
obtained by Danzigor^tby addition of a large excess of di-aniinonnim 
hydrogen phosph*ate to a strongly acid s<^utjon of ferric cliloride. It 
is then formed as ^ wlijte precipitate. If obta/u d in an analogous 
manner to the precediiag salt, it yk-lds ptnk. inicwseopic, hexagonal 
crystals. In the absence of a suHieient quantity of annnoi\ia the acid 
salt, fFc(P 04 ),.H 3 ]NH^? 7 ll 20 , is obtained# * • , 

Sodium ferri-triorthophospbate, NalJ 3 fF( (POj) JJl./). n suits nvIk ii 
sodium chloride 6r phos|^hate is heated on|th(' waV‘i*#hal ii with a solution 
ferric hydroxide* in phosj)horie acid.. It is a red, ervstallin(‘ 
powdtT, sparingly fiohible in wate r. • • • * ^ * 

, Colloidal ferric phosphate is obtained by dissolving fi rrie phosphate 
in ammoniaeal di-annnoniujn hydr^^gin phosphate and dialysinj^ the 
solution until .all eleetrolyt(‘s have hecai washed away. colloidal 

solution tlwis objaiiu'd is tasteless and withonl aelion Iftnnis. Addi- 
tion of electrolytes, such as^dkali chlorides, ( ITrets it ‘★gc'latinisation. 

Ilokli potassium •l^rroeyani(l<‘ and Ihioeyan.atr cause g('latinisation 
also, but induce no colour change, sjiowing the alisciiet' of free ions from 
the solution. “ . 

Ferric dihydrogen orthophosiihatc, FfflUPO,),. results wlnii ft rrie 
oxide is dissolved in phosphoric acid nniil a |)reeipita 1 e begins to appear. 
The solution is washed fre(‘ Trom* excess of acid with (ther and dni'd,'* 
'whereby a pi^^ crystalline powder is obtained. Wfien boiled W'ith 
waiter, it yields feme orthoplios|)hate, F( IM),.l>1 1,0. • 

With water at the* ordinary temperature it sields I lie ai^ilr(/ns 
phosphate* FePOj and free phosphoric acid. I In' greati^i’ tlu^propor- 
tioii of water, the more eomplet<‘ tin- decomposition.^ 

^Vith a large exe(*ss of cold wat<r .‘i precipitate ol eoinpositioii 
6 Fe,PO,,.F(‘ 2 (rrPO,,i, lias been obtained. . 

Acid ferric orthophosphate, Fe/)j.* 2 P./)v-sU ,,0 (l e I’(),.lr;tP 04 ) 2 . 
is obtained in the form of pink er> stai.> wlien h fi-K' pN)splnile is 
dissplved in excess of phosfilioric ae'id and tTn* sciintioii eoinvntrnli^'d 
over sulphuric aeid.^ When bpiled with water, iniitral lerrie ortlio- 
phosphate, FePO,,.2lI.>0. results. • 

Basic ferric phosphates occur in nature .as the min^.fls (Iuj7rntii\ 

Fc2(0II)3(P04) ; .heraiwite, FePO,.‘JF;,(P«,J(On),. • 

Ferrous metaphosphate, Fe(PO.i)_, is prejf:ir<(i by tin- aetmn ol insert 
%ictftphosphorie acid on ferwius phosjfliate , oxalate* or < nl«>ri(le, or even 
■metallic in>n, at red heat in a enrn-nt e)f <*aiV»n Dioxide Ihe si It is 
obtained as a white invelnble pe.weh r. niffiffeeteel by h.Mroehione or 
nitric acid, but attip-keel by hot e-onee id rateel sulphnne .leirl.' 

Ferric metgphosphate, Fe dill^O en- I (fP();dv‘lM/^^ 

been prepared^ bv dissedvjng ferrn- e^xiele in glae ial jTlibs|)he)rie' acid at 
100 ° C. and mamtaining the InpinJ at H^is teinpeTi^tfliii' for#severaL 
hours. The salt sep.arate^ enit«in small i*ryst.‘iTs wbieli^take* the leirn^ot 
► pink rhombic plates derived fremi a iiienioelyiie prism® Th^ crystals 

are dccompo.sed by water! ^ ^ 

* See 0)hm, ./. -4 wrr Ch w St >r . VM)1. 2g, <14 • y , 

* Sell, Pre>j. (.awL Phil. *SV/r., UiOj, I2. :iHS. hIw* .Srliru-xler, ajwrg, Lh^tn., 

1894,5,84. • - • ^ * 

* Erl#inie^“r, >4nM<i/ew, 1H7H, 194, •*% 

* Otto, Ch€m,*Zentr., 1887, p. ir>«3. „ . , j «- 

* CoUni, Compt. rend., 1914, 158, 794 ; Luilert, ZivUrk. anorg. Chcin., 1894, $, 37. 

* HautefAiille and* Mygottet,^Panipr. rend., 1888, 106, 1.3J. 
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If the foregoing reaction is carried out at 150® to 200® C., crystals 
)f the dihydrate, Fc(P 03 ) 3 . 2 H 20 , are^ ob'tainctl as pink, rectangular 
Lamellae which arc more staWe towards water and arc nojb attacked by 
ilcohol. ^ * 

At temperatures above 200® f!. the anhydrous *salt, Fc(P03)3, 
[obtained, the form* of which depends upon the tcdlpcrature at which 
[Vystallisatioh is allowed to foke placc.^ ^ This sf!lt was £iot first made 
known to science by this method, how<rver, h\\i ^ by addition of ferric 
chloride to an exctis*!s ft*f dilutCtl metaj)liosplforic acid, 'concentration of 
the l\qujd, and ftnally heating the residue to 315® C.^/600® F.). • 

It may atso be })rcparcd by addition of ferric oxide,* phosphate,® or 
of anhydnms ferrous sulphate ^ to metaphosj)horic acid until no more • 
of the salt will dissolv^c\ The whole is thcHi heated until the sulphuric 
acid has hdtm expelled and crystalfisation sets in. 

As obtained in this maumT, the salt is insoluble fn wafer and in 
dilute acid, but so‘iub\e ih concentrated sulphuric acid. Density 3*02. 
Ferrous p>Tophosphate, F(\2p2^7' obtained a‘s an unstable white 

powder by doubh' (h'composition of'^ rrous sulphate and sodium pyro- 
phosphate ; by luating fcTrous orthophosphate; aiKl by reduction of 
ferric phosphate with hydrogc'u. Ujion (\posure to air it turns green 
and ultimately brown. 

Ferric pyroj^osphate, Fc4(P.207)3:t)H20, is obtained as a white 
precipitate on adding ferric chloride solution to an cc|uAalent amount 
of sodium pyrophospliate.® It soluble in ferric chloride, in excess of 
%odiuiirb^yrophosphate, and also in acids. 

Wheli prc(ipitated f<Trie hydroxide is dissolved in a 48 per cent, 
aqueous solution of phosphoric acid, in the proportion of one moh'c’lile 
of Fc(OII) 3 to seven of II., PO^, a solution is obtained from which : — 
(i.)4With exces!j.of cold water, a greyish yellow^ preVi})itatc is obtained, 
^^f composition 4FeP04.Fe2( 111*04)3. • 

(ii.) With boiling watw, a precipitate of formula 6FeP04.Kc2(^^P^4)3 
* results. • ’ 

(iii.) On boiling th(‘ filtrate from (ii.),' the precipitate' has the formula 
4ji:^PO,.2Fe2(IIPO,)3. 

jiv.) On precipitation with alcohol, a substance 2FeP04.3Fc2(HP03)3 
is olTtained. I •' 

Are these to kv regarded as definite compounds Probably not. ^ 
Complex pyrophosplffites analogous to ferri-orthophosphates in 
winch atoqis of inj^i enter t*ne negative radicle, have been prepared.* 
Thus/J sodium ferri-pyrophosphate, Na6[I;V2(P.207)3j.t^H20. analogous to 
sodium ferricyanide, is deposifed at ‘JJO® as a pdle, violet micro- 
crystalline precfpitatc from a 15*’per cent. fSolut ion of* sodijim pyro- 
f»hosphatc satJujated w^th, ferric, pyropkosphate. The copper and 
salts, Cu3[Fe/P207)3].12H20 and* AgefFe2(P207)3l.4ll20 respec- 

*■ f 

• . . . • 

Hautefeuillo ai^l Margot tot, loc. cil. 

%» Mad<li«n. Phil Mag., 1847, 30. 322, • 

* Hautefe^ille and Margott<‘t, Cempt. rmd., 1883, 96, 849, 1142. * 

* Johnson, Btr., 1889, 22 , 97«. ^ 

* Sohwarwnberg, /lwn«/4n, 1848, 65, 153. . , 

‘ • Ridenour, Amer, J, Phann:, 72, 12.'i. • • • • 

’ Lj^lqntn^^r, Annahn, 1878, 194, 176. ^ 

* Paa^ CompL rend,, 1908, 146, 231 ; Rosenheim and Triantaphyllid^ Ber., 1916, 
4S.682. 
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tively, Jjtfve been, obtjBned' from the’^odium salt by double deeom- 
|K>sition. , • ^ 

' Hydn^en feiYi-pyrophosphate, n6fFe^(P^07U.7H20, results as a 
white solid \\^icu fpric jiyrophosphate is hcatetl for twelve hours at 
50° C. with syrupy pyr^phosjdioric tK*id in ucetone. • 

Sodium jferro-pj^phosphate, Na*Fe2(P207)3, and sodium ferro- and 
ferri-metaphofphates* ^Ca4Fe{P03)6 and #NS3Fe(P(^3)g, have similarly 
been prepared.^ • . 

Alkali ferro-pyroplidl^pliates reduce s(^liition.s;)f^r()l(l and Silver salts 
ip the cold, tlie free metals bein^^ obtayied in the e^o^oidal condition. 
Mercuric salts -cirt* reduced, yieldin<^ l«>t inwreurous sall^ aiil ihially 
^colloidal mercury, which is ^rrcy b;^ rellected li^dit, but a reddish brown 
colour by transmitted li<,d^t. Cujy'ic salts are^ reduced to collpidal ^ 
cuymms hydroxide, which is yellow by transmitted li^rlit and affords a 
delicate rfyictioi^ for copper. At 100 '' C\ metallic copper- is deposited 
as a thin film on ^dass. Solutions of platiniwn salt^ are not reduced 
even o*i boilin<^^'‘^ • • ' • • 

Two s(‘ri('s of complex anuAoniipsalts have been prejiared of ^a*ncral 
formuhr 

•I. |Fe 4 (NU 3 );,M«(IW/)„l(lV) 7 ),-„ 
and II. lFe 4 (NIJ 3 ), 2 - 4 n.(lV> 7 ) 30 nlH 4 n„ 


where U is aik*cicid radicle, and ii and m are small, whole numbers, of 
the order of 2 ^)r 3. • 

Triphosphates.— A series of salts k rmed triphosphates, of i^^encral 
formula MNa3P;,Oj(„ has becai described.^ wfiere M ri'presents i^ivalent 
m<Jal. The ferrous salt. 'JFeXayiy),,,. 231120 . results on addinff sodium 
triphosphate, Xa-lVli,,, to a solution of ferrous sul])hat(‘. It crystal- 
lises ill silky, white lundles, which are stabh' whin dry, hut rapidly 
oxidise in contact Aith water. , J 

The nejrAtiNc radicle of these salts appears !(> be eonpioiuph'd of the 
pyrophosjihate, 1*207'^'', and nietajihosphate, PO./, radicles, so that the 
anlfydroiis salt may be written as heXa fd^^O,.!^),,^. 

Ferrous thio-orthophosphit^, Fe3{I\S3)2 is, prej)ared^^ by heating 
mixture of ferrous sulphide, sulphur, ainl red phosphorus^ it crystallises 
in black, hexagonal laniiiue which are v^rj' stalile, resisting markedly 
the action of aeals and alkalies. • • * 

, Ferrous thio-orthophosi>hate, Fe.;(J*S,)2. n suits on !•< ating together 
Tcm^iis suljihide and ]>h#sphorus jientasiiljihii^e, tlR- laftcr b<‘ing present 
in excess of that reipiired b\Mhe eipiatioii* 


. 3FeS i .FedPS^h. 

. • ^ • 

The excess of'pentasulph^de 4i‘'tils Away, having a T>faek residue con- 
taminated Vitli, ferrous sul^diide, l/om \^)i<j|i it is^t^hly freed 
treatment with dilute hydroeWorie aeiit • * , 

Ferrous thio-orthopl^ospliatc is a black cT^stalline ilLibstcAice which 

‘ Pascal, Comp, rend., 190 S,*i 46 , 231 ; ifoscnlieim and Triantaphyllidoa, Btr., lftl5, 
48 , 682. 

> Pascal, Compt. rend., 1908, 1461 802. • 

’ Pa^l, ihd., 1908, 146 , 279f | 

* Stange, Zeitsch. amrg. Ckem., 1890, 12 , 444. . 

* Ferrand, Compt. rend., 1896, 122 , 621 ; Ann. Ckim. Phys., 1899, 17* ^ * 

* GlA(|:elii Zeit8ch»anorg. Cherry, 1893, 4, 186. 
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leaves a mark like graphite, }j^hen heated it does not fuse Sut bums, 
leaving a brown residue. It is iiisolujjle ih water and^dilute acids. 

Ferrous thio-pyropjiosphiie, bas been obtamed ^ by heating 

a mixture of sulphur and red pJio.spliorus with excess oT iron wire to 
redness and maintaining at this •temperature^ for ’Several hours. It 
yields greyisJi blaej^ hexagonal pfates whieh appear browii by trans- 
mitted light .• Tiiey arc attached by nitric acid,*ljut mor» easily by this 
acid containing a iittle jiotassimn ehloratl*. 

Ferrous thio-pyrophosphate, bas been obt&inpd by heating 

the inetid or its sulphide with stilphur and phosphorus as in the prepara- 
tion nie preceding salt.* It cfystallises in lustrolis lanielhr, which are 
insoluble in cold nitric acid.'^ , • 

H • • C f 

e 

* • lUON AND AI5SKNIC. 

Iron sub-arsenide, - Die i)<)ssil)il\ty tli'-jt tliis sub.stiu^ce can 

exist is indicated by the shape of the freezing-point curve of arsenic- 
iron alloys.'* 

Iron mon-arsenide, FeAs,ds obtained by heatiiiif iron in excess of 
arsenic in the abseiu'e of air. d'his may be ( fhcteil by h('aling iron in 
a current of arsenic vapour at h:)5 ' to C.,'* or with arsenic in a 
bomb tube at It also results whi n the di-arsi^uide, FcAsj. is • 

reduced^it 080'^ in a current of hydrogen. 

As obtaiiu'd by these' met lio^ls. iron mon-arstuidc is a silver-white 
arystalb^e' svd)stanee, of ele'iisity 7 -Kit, anel n\elting at 1020'^ C. It is 
non-magnet ie! 

Iron mon-arseniele has bee'ii founel as dark, ste'cl-grey rliomibic 
crystals, of density 7-9 1. in the hearth of an olel funuiee in Cornwall.** 

IroiJ^sesqui-arspnide, FcoAs.,, results when iron iK heated in arsenic 
vapemr at to 415 ’ C.' Density 7 *22. 

Iron di-arsenide, FeAw^, occurs as the mineral hUngiie, and may be 
prPpare'el artilie-ially by heating iron in arse'uie vapour at to G18 ®C.'^ 
Hilpert and Diee'kmann **^re‘e'ommenel heating line'ly powelered iron and 
arsenic in a^b/pnb tulx' to c. 700"’ (’. On treatment with dilute aciel 
the pure eli-arseiiide is obtayieel as a silvtT-grcv powder, of elensity 
7*85. Insoluble'* in liyelroel loric aciel, both elilute and concentrated, it 
is sleiwly oxielii eel by nitric acid,, yieleling arse-nic acid. He'aled witli^, 
concentrated sulphuK'C ae^hl, sulphur dioxiele isfcveibael. When heateel 
in , air it burns, yielding ar.v'uious oxiele anel ferric eixiele. It is nem- 
magnetie. *• 

Iron thio-arsenide FeAsS, o*- FeSg.Fe'As,^, occurs i/i nature as the 
mineral mispicJx‘’h arfieniral pyriUs or arsenopyriie (se'c p. 21, w'here 
crystalle^graphie data are given). If cobalt i? also jirese iit, tht mineral 

known as glhifiodqfe, (I\‘, Fo)AswS. Wheai ^lic arsenide is in excess, 
thc*mineriel is tvilfe'd paciie, FeS^*. iFeAsj. 

Co tistitution.-^ Many sbggestions have be'e^v made. as to the consti- 

» Fr^otlol. linti Soc. ehm.., 1894, ii. 1057 ; CompL nnd., 1894, 119 , 260. 

* Ferrttiul, i'ompt. rend.. 1896, 122 , 886 . 

® Fnc^rieh. Metatinrg^e. 1907, 4 , 129, 

■* Beutell and Loron4 iVn/r. Mtn., lbl 6 , p. l(). 

a.id Dieckniann, Her., 1911, 44 , 2378 

• Headdeu, .-IfHer. J, Sci., 1898, (4), 5 , 93. 

’ Beutell and F. laireuz, Centr. Min., 1916, pi , 10. v 
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tutioii if *mispick»l. the structural fprmula suggested by Beutell » 
may be written . • 


,6— As, 


Fo 




^S- 




, --V . 

This, howevt?r, offers no ex})la!mtioir for thy fact tjiat tlu- ])crccutagc 
of silli)hur in the crys^tals obtained from ^•ari(>us locali1i(‘ff sliows eon^ 
siderable variation, as Ijttlc a^^lH O.'j pi^r cent, and ;is much as 22-47 

per cent. haviu^r1)ecn found.- $ • • , ,, 

• Chemical metho’ds for determimn^» fchc coustituiii|n lead to con- 
llictinjT conelu sit) ns* precisely as in the t*»se ol^ iron pyriies,(see p. T41), 
•owin^ to uncertainty as to the si ate o( valen(;y ol llu iron m the 
mineral. The formula usuaUy aeeej^ted is FeS 2 .Iv As.. . 

When h(‘ated in the absence of* air, mis])iekel loses nyieh ot its 
arsenic.^ This i# explained on the assumption tliat tiu' ii^)n disuljdude 

decomposes into frt e sulplu^r and lerrous sulpiride : • 

• •• • 

FeS 1 S. 

The iulphur then attacks tlic (If-arsciiiclc, causing tlic expulsion of the 
arsenic : 

h'cAs^ I S=lH'S4aAs. 

Combining th(|ul)ovc reactions, the c<piation may he rcfircscntcil as 
• h'<’As,.l‘VS2--.'I'i'S-i aAs. 

I.oo/.ka Ihcvcforc favours the formula Im Aso FcS^ for iiuspickcl^ • 
,f)n the other hand, wli.m mispu kel is lieal.sl m hydrogen, the whole 
of the sulphur is evolved as hydrogen sulphide,* whereas both I'ynt^. 
and mareasite under similar eondihons lose only hal Iheir sull>hur, 
being coin cried into ferrous siilplnih', KeS (see j>- ."■’ )• *1',' '* 

suaaest thal’the I, elites moh. ule is abseiil. and that li iroii.illsiillihldc 
is actually present, it is jn some other lorni th«n ordinary pyrites. ^ 
The formula ‘ , * * 


Ferrous met-arsenitc, FitVAs^O., or Fc(As() 2 )i. mws b( ( n cjdamyd^y 
the action of imtiTssium hyckojrcn aryniU-, K 20 .As 2 (),,.ll 20 upon a 
dilute solutioif#of ferrous sulphate. is ^u*eemsli uw«;olour, beeomiilg 
brown U^ exnosure tit* aiiff When a h.|t. 
arsenions acid containing tVrroiis loflide is»aH.wed lo»<*'f'l. ‘ 

.the comiioiind Fel^.tAs^.firi/) are obtained, ^'hifli^slowdv oxidise 
in air, and in vaevo ovel»foiieeiil rated sulphu»ie yield up all flicir (o|i- 
bined water. The iodide character he salt is suppressed, fwmi wh^ch 

• • 

I Beatell,^;oar. .VoF, Iftll, p. • 

* Araruni and Baorw-ald,* 4/in., 1 t '^*1. U1 ^ 

» Lexftka, EeiM. Kryst. Min., IhHli, if, 41. • % Lawbtfof.t ibid 

* Starke. Sh.sJk, and E. F. Smith, J. Amer. Them, to., '»»’• ’9; «« • l^btfoet, 

18W, l6, 6!^ See al^ RaramelsberR, Jahrb. mm., lovl, 11., 40. 

» Reicftard, Her., 1894 t W- 
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it may be inferred that the iodine Ras comlfined jmih th^ atseniou. 
oxide to yield a complex ne^mtive radiclcJ , 

Ferric arsenite, 4Fc.j03,As20^.5H^0, may be prepared by shaking 
freshly precipitated 'ferric ^hydroxide with an ^queoos solution of 
arsenious oxide, o/ by adding sodium arsenifc^(or an aqueous solution 
of arsenious oxide) to ferric acetate. It is brown in^'olour, and oxidised 
by the air vvhon ni(>ist.2 , f ^ 

^ By the action of potassium hydro;rcn arsenite, I^gO.AsgOg.HgO, 
on dilute* aqueous ferric clilbride a yellow p(/wde:» of composition 
FcgOg-AsgO-j or FeAs0.j has |>e(‘n obtained.^ A substance of similar 
cliemicCil composition has bcyi found in a crystaliine deposit formed 
during the Dc'aeon ])roc{‘ss of makiufr chlorine. The crystals of thc^ 
pure salt arc monoelinie, their crystallographic elements being : — ^ 

. a:b: c--^()-9t()5 : 1 : 0-6234. j8-:105“ 10-5'. 

The pentahydrate, FeAs03.5ll20, found with the preceding salt, 
crystallises in the rhcvmbic syst'‘m. * 

On adding freshly preeipitated ferric iirscTiite to potassium hydroxide 
solution until no more dissolves, and subsecjuently evaporating, the 
soluble potassium salt, OKgO.SFcgO^.OAsgOa. 211120, is obtained as a 
reddish brown amorj)hous substance, which dissolves in water, yielding 
an alkaline solution.^ • 

Ferrous ortKo-arsenate, Fe3(As04).2.6ll20, occurs iiV nature as the'' 
imncnxhfiimplesite. 

It piay be prepared by the^ action of disodium hydrogen arsenate 
upon ferrous sulphate solution : — 

4FeS04 }- tNa2lIAs04=~Fe3(As04)2d-Fc(Il2As04)2-|-4Na2S04, ' 

and gradually undergoes oxidatioii upon exposure to moist air, yielding 
ferric irsenate and ferric oxide. 

Ferrlc.*ortho-arsenate occurs in nature as the miiural scorodiie, 
FcAs04.2ll2(), and ma>’' be produ(‘ed artiheinlly by heating iron to 
C. with a solul'ion of arsenic acid,^ or by heating ferric arsenate in 
c a similar manner with aiv,enic aeid.’^ 

The 7n()K^f{>tdrat<\ FeAsOj.HgO, is precipitated from solution. 

,tTluJ salt, wlu'n dried inoair, is a dull white insoluble substance, 
containing one inoleeule ot'^watei-r When heated at 100° C. it b(;“Comes 
anhydrous. treat nu nt with 'Sodium hydrogen carbonate solutio^p 
both the monohydn'tte and the anhydi*ous salt cause effervescence to 
take place, a soluble double K^rseuate being produced. It would appear, 
therefore, 'rh,'\t the hydrated salt is acidic, and determinations of its 
basicity indicate that its fonnuKi is Fc0.As02(01I)2.^ » 

Colloidal ferric arsenate is prepared,, by the action' of ammonium 
^hydroxide on,^he insoluble salt.^® ^ 

Weifilftncl and Gruhl, Arch. Pharm., 1917, 255 , 467. , 

* See Fehling, 1850, 74 , 87. „ * 

, » Reiclhird, Btr., 1894, 27,1011). 

* Arzruni and Sohiat*, ZeitseX Kryst. Min., 1894, 23 , 529. 

* Dobbin, Pfuirm. J., 19(M, (4), 18 , 685. 

* Wittatein, Jahre^ber., 1866, 19 , 243. ' 

’ Duncan, FharmJg., 1905, (4), zp, 71. » , , 

* Veraeuil and Bourgeois, Compt. rend., 1880, 90 , 223. 

Jahrb. Min., 1898, 1., 169. 

Holmes and Rindfuaz, J. Amer. Chem. Boc,, 1916. 28 . 1970^ < 
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.T!ht» mhydrms^ sBli^hs^s been found as a deposit in the Deac(^ 
process for the preparation of chlorine, in the form of black prismatic 
crystals, belonging to the moiiLOclinic system. Its crystallographic 

elements are ? — . * • 

• • • 

a:h‘: c=f 0'6155 : 1 : 0j322I. * ^^77*° 8 '. 

Density 4-82.^^ * , 

A hydrated acid salt, 2F«2^HAs04)^.9H20, results wJicii solutions 
of disodium hydrogen ^r^enate and ferric clilyri^le' are nrixed. The 
salt separates* out as a wliitc prccipitat^ soluble in^u^iieous hydrogen 
cnioride. - • • • • • * ^ • 

, On addition of disodium arsenate, NajHAsO,, to irou ammonium 
alum, in the proportion of J.wr> molecules of the former to one of the 
latter, a precipitate of com])ositiofn Fe2^3-^l^2^6» obtained, which 
varies in Jiut t^^cording to circumstances.- 'llms, on addlfig a small 
quantitj^ of the arsenat(i to tin* alum soluticgi a wjiite precipitate is 
obtained ; but, on r^^rersiug the proeediu'e, the })fceipitale is brownish. 

The white precipitate turns yMlo\\^ and linally brown, however, when 
washed with water. In the presence of large excess of either constitu- 
ent the basic saft, ^Fe^Oa.^As^Ds* obtained. The following sub- 
stances have also been prepared : l■Fv2^)3..'}As205, FcgO^.AsgOg.lTHjO, 
2Fe203.8As205.22-5HaO, and Fe2O3.3As2O‘.10-7ll2O. 

Several bij*c arsenates occur as minerals, namely, iron sinter or 
p/iar?7tace-,s'n/6Ti<c,^8FeAsO4.Fe(()II),.0ll2t) ; Yukoniie, (Fag, F^jjAsjO^. 
2Fe(0Il)3.5H20. • 

The double arsenates, ammonium ferric (y tho>«r8etiate, 
(Ntl4)Il2As04.FeAs04, and potassium ferric arsenate,*^ possibly repre- 
sented by the formula lvii2As04.FeAs04, liave been obtained. 

An arsenate containing eoj)per- nemely, CuFe4As4047 or CuO. 
2 Fc203.2As^ 05' - has been found in the form of rhombic crystals as a 
deposit durmg the manufacture of chlorine by the Deatjon jiiioeess.* 

Other double ferric yrsenates are : NagO.Fc^yj. 

2AS2O5, 8K20.2Fe203.3As205, i^nd 8Na20.2Fc203.8As20^,.^‘ • 


IRON AND AxNTmONY. 

Fejnro mono-antimonide, FeSl).~*By hWing iron* and antimony 
%)g(^hcr in a crueilje alloys of the t#o metals, in varyHig proportions, 
have been obtained. Ltiborde ® cunclude(.l, Ok a Asull of studying the 
density and specilic heat, that a compoiHid, Fe3Sl)4, is* formed; hut 
Maey,’ from an examination of the specilic volumes of tUe tilloysf con- 
cludes that thp compound formed is n^rc correctly represented by tj)c 
formula ^ • • • 

The ^fl-antii^onide,^ leSb^, is qbtaine^ m an a^a|c^ous lUiann^ 
and occurs as crystals ia ra\^ antimopy obfained ip the commeipal 
» extraction of tliis metaljpid. ^ ‘ ■ 

. ^ Jeiek and ^imok, ZeiUch. Krpgt. ^ia,,*l9l4, 54 , 18S. 

* Met%ke, ZeiUch. arutrg* Chem., 189^ 19» 467. 

* Oortman, J. Amer. Chem. 8oc., 1910, 32 , 626 . 

* AnAwii and Bchcpz, ZeiUdh, KryM. Min., 1894, 23a529. 

‘kLef^re, Compi. rend., 1B90, 111 ^ 6 . A 

* Ubonb, ibi£, 1896, 123 , 227. ' ^ 

» Blaay, ZeiUeh. phyHkal. Chem., 1901, 38 , 292. , • 

* JSkMuakoS and KonstaiUiaolf. J. Sm$. Phut. Chem. 80c., 1908, 40 , 227. 

vot. ix.:k, * • - » 18 
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It . crystallises according t(^the rftombic sj^steni,^ the aKial ratios 
being • • 


a:b\ c=0*7590d • 1 : 0*96872. • 

• • • 


It melts at 7 ^ 2 "^ C., and at*that temperature. undergoes partial 
decomposition into triferro di-anliinonide» FcgSbg 'g— 

• • OFeSbg^^FcgSbj^+^Sb.* • • 

• « * 

Ferrous thio-antimonite, F/^aSbgSg or 3F(^.J5l)2Sy, is^oljtained by pre- 
cipitation from ilk solution oi‘ a soluble ferrous ‘salt with a dilute 
solution of ijmtassium ttiio-anfimonitc.^ It is rtiaclil^ oxidised, and 
always contains i)otassium if j)reparQd from concentrated solutions. 

Ferrous metantimonate, Fc(Sb03)2*FcQ or 2Fe0.Sb205, occurs in 
nature as ti'ipuhijte (see p. 28 ). * 

Ferric metantimonate, 2Fe(Sb03)3.13H20, has also been obtained.^ 
Ferric ortho-alitimonate, Fe203.Sb206 o| Fi SbO^, is obtaimd in the 
heptahydrated condiTion, 2Fe%04.7ll29, by adflHion of excels of a 
concentrated solution of a ferric salt to a boiling solution of sodium 
antimonate.'^ The di-antimonate, Fe2O3.2Sb2O5.il/l2O, prepared by 
precipitating iron ammonium* alum with lK)tassium antimonate,'^ is a 
yellow salt which becomes anhydrous at 11)0° C. 


‘ Ihikull, Zeilsch. KryM. Mm., 1900, 42 , 374. 

- I’uugot, Compt. tend., 1899, 123 , 104. 

' IkiilBlein and Blase, Uhitn. Zentr., 1889, p. 803.* 
^ Kbel, Ber., 1889, 22 , 3014. 



CIIAFIKU IX. 

IRON AND THE ELEMENTs’oF GROl'I’S IV. aSd HI. 

• • ^ . 

..IltO.f AND t.fliliON. * 

Triferro carbide, Jh^C, kji(>\Mi tj) tlu' inctallur^nsl ns rctm^niHr, occurs 
in nictourit(*s associated \Mtlutlic <*arbid(‘s’ of nickel and colnilt, ns tJio 
mineral Cufu'nik, (Fe, Co, (sec p. 12). It oc< urs normally in 

steel, and was lirst isolaU'd * by acting on steel with a solution ofjiotas- 
tiiuin biehronu^c* in suljdiurie acid. The metal dissolvts, Icavyi^^ the 
ecmeutite as a ohuik powdery rcsnlm*. 

A Variation ol this method consists m usin^f bars ol sUrl as anodes* 
in baths of dilute acid, platinum plates suspeiuled in jiorou.t eellifservin^ 
as eathodv s.“ 

A belter method consists in lirst juvparin^rn steel very rich in carbide 
and then effect mg tin isolation of the latter by dissolution ol’ IIk; free 
metal in acid.’ To this end 1(HH) giams ol iron ar(^ ligated wifTi arc- 
larnt) (»r sugat carlani (100 grains), to white beat, and poiircfl on to a 
large iron jilale to s(»hdity. .After n inoMiig Itns s<^ale. tic., tin* ma.# 
is potvdered, digested for sevenjl weeks with normal acetic acid, and 
then with ‘-normal hydroehlorie acid. Any Temaimng*earbon is re- 
nioved by levigation, and tin* rtsidiial cdiantile washetir wHh alcohol 
and ether, and lii^illy dried m a \aeumn. * ^ . • * 

As obtained m this manner, c«nientite is grey in cojcair and very 
battle * it ('an be p( 4 W(iercd*in the In^id. Its har^m st is JJ-2 to ; 
density at 21 C. molecular \ olunu Srt Jll-. Jt eyystallises iy 

pseudo-hexagonal forni.^ Th(iSpecilic heat t>f eemenjite, as ( 4 iilcuhjled 
from data ubtaiiu.’d ^vitJi carboy stM'ls, is n i5Ml.“ • ^ 

The heat of fo^matii ii of ecmeutite h;ft> been determyiyd by differentf 
investigators witfi very varying x^sults /as indiaitcd m the i^ccompanying 
table ^ , • # •• *•••.< 

a[FeJ -f^CJ =*f(Fe3CJ i g: calorie.s. • < 

# • • w 

* Abel, Iron, 1883, r, 70; 18llb, I, lbs; Pro^ imt. Mech. Eng., p. tjH l88tS^ 

p. 30. • * 

* O«mo!ui and Wertti, Ann. 8, o , Ani^ld uiitl 

1894, 65, 788 ; yylniH, luxTster, and S^iix-ne, Z^tUrh. nnonj, Cht'tn., 1890, 13, 38 ; Camp- 
beil, Amer. Chem. 1897, 18T 839,* •% 

* Moissttfi, Ctftnpl. rtnd., 1897, 124, 7I<J ; Huft amt (iersten, iU r., 1912, 40[i;j. 

* Moisaan {Comfk, rend., 1^97, 124, 719) linda a dennity of 7 07 C. ^ • 

* Grotb, Chemische-KrysUiUoffrapkie, 1900, voL 1. 

* OberhoSel and MeOtW, Mdalhrgie, 1908, 5 , 173. 

^5 



190 IRON AND ITS.COJOfeDHDS. ' 


Value of X (calories). 

f ^ — ? -r— ' — 

c 

* Auth6rity. ^ 

« t * ' ' ’ 

-15,800 

r 

No sensible heat 
evolution. 

+2270 

* ‘+8940 * 

-1-8494 

Rurf and ^ersten, Ber.f 1918, 46, 894 ; 1912, 
45, 68. , # • 

Baykoff, Rev. Metallurgies^ Mem., 8, 815. 

f * * 

“Jermiloff, J. Russ. Metail. Soc*., 1,911, p. 851. 
Schenk^, Sc niiller, and Falke, Ber., 1907, 40, 1704. 
Camplfetl, J. Iron Steel ISTOl, L, 211. 


f » ' 

The cadence is admittedly ehnflieting, but the balance of evidence 
is distinctly in favour of the view that cementite i^ an endothermic 
substance, as indicat;c(>by the results of ljuff. 

The suggestion has frequchlly beeq made l4iat cementite &s not a 
compound, but a solid solution of carbon in iron.^ This view is not 
generally accepted, however, as otherwise a whole sc^jes of solid solution^ 
containing varying percentages of e&rboti might be expected to exist, 
which is not the case. 

When damp, cementite is rapidly oxidised in air, yielding a mixture 
of hydt'atcd oxide* and earlK)naecous material. It is; not altered 
exposure to dry air ; when vq^y finely divided, it burns in air below 
*150° Cj, becomes ineaudc'seent in bromine vapour at about 100° C., 
in chlorine al a somewhat lower tempe rature, and in sulphur vapour at 
about 500° C.** Although insoluble in concentrated nitric acid, ccmw'ititc 
dissolves in nitric acid of density 1*18 to 1-2, yielding a brown-coloured 
solutbn, the depth of colour being proportionaj, other things being 
cqualT to. the ,ahioimt of carbide in solution. By dissolving a given 
weight of steel in nitr^ic acid, therefore, and comparing the colour 
ftbtained with thi\t when the same weight of a steel of known^ com- 
position is employed, it is possible to estimate with considerable 
accuracy ^he 'amount of cementite in the first steel. This is kno™ as 
the Eggertz th'U and is largely used in steel works. 

Cementite* is less rci^dily aUacked than mctalhc iron by dilute 
hydrochloric ,acid ; it is gradually dissolved by a normal solution of 
the acid, and leadily in a coneftntrated sblufion,* the gaseous pi;pdu<rts 
being hydrc\gen and hydrocarbons.^ 

^Thc molecule »of ccmcnlite is probably not represented by the simple 
formuhi FcgC, but by (FcgC),^, where v is some whole number greater 
'than unity. M present there* appears to be no method of determining 
the value to assigned to n, • . 

yfhtn ifcfn'eontainiig* cementite is maintained at a tShperature a 
little a^ve 'J06° C. for some- time, thh carbide dissociates almost com- 
pletely into y iron andtgraphitc.^ This is ayite in accordance with the 
yiew that centbntite is an endotl|ermic compound. * 

A consideration of the^nfluence of eeim^iititc upon the metallurgical 
properties of iron is^reserved for later ^ivseussion.*^ 

^ $©e, for example, Bayl!6ff, loc. ciL t ^ 

* Moiatftin, toci cit 

* I^yliua, loc. c«li ; Campbell, loc. cit, 

^ Ruff Goeoke, MtiiUurgit, 1911, 8, 417 ; Ztiteek ctngewt,€hem4i$Ut U34*/ < 

; Sw th6 volume. Pak la ' ^ .. - 
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0lleh:<$ carbide, Pe|t. — By heating 4)urc iron in a graphite crudhlc 
in contact with c^r^n, m an Plectric vacuum fumace, Ruff and Goccke ^ 
have been able to determine th<f solubility of carlxm in liquid iron at 
temperatures. 'ranging fnyn 1220° to 2020° C., .tiid l a prepare a diferro 
carbide, FcjC, the’exisbeuee of which was ifuspccti d as r<‘sulting when 
cementite is subjected to prolonged annealing l^low 0(K)° C,* The 
results were obtained# by suspending the crucible in the furnace, and 
when the desired temperature* had bec ii^reached ami maintained for a 
sufficient length* of tinu ^h(‘ erueible ^^'as rehmscyLl by a fhcchanical 
device and dropped Into ice water. The liietal was t hius rapidly qiiepched 
without fear ofUisso^iatioji due to slow*iiooling. 'Fhe eomljinen earlwii 
• was then estimated, the results bcqig as follows 


1 

TemjHTature. j 

• ' ' 

( ’ombined Carbou. 

»#■ " " 

TtMnj»«*rahirt*. 

(’oijpbftod Carbon. 

per ornt 


Vor cent. 


» . • - 

• 

- • • ' 

' - - 

1220 

4 58 * 

2109 

8-21 

1805 4 

4 -81 • 

2220 

9 60 

1522 1 

5-4ft • 

2271 

8-97 

1028 

5-7ft 

2820 

8-01 

1828 • 1 

0-59 

2120 

8 09 

•2020 ^ , 

(>•05 

2 175 

7-78 

2122 *1 

7 51 

. 202() 

745 

1 



i •* 


•These results, when plotted in the form of a eurv(‘ (see fig. 8), exhibit 



• Fio. 8. • 


a break at 1887° C., correlpondiug to composition cemci^de, 1^** 
A maximum- occurs at 2220° C., wilfi 9*60 per cent, of combined car^n,^ 
which corresponds to difemj carbide, FcjC, Up to tliis temperature 

' RnS and^Ooecke, ZeiUch. angev'. CkBrUf 1911, 24 * ^*^84 ; MetaJlurgiCf 1911, 8, 41? { 

^ t*jg, d[ j^mpbellj^d ft.eiuj«dy, J, Iron Steel /lUt., 1902, If-, 888 ; BenwU^lw, 

- lir^l989y6,W. 
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it was observed that the molt^ mass remained uniformly l!qvhd, with 
a bright reflecting surface. Above this temperature graphite began to 
separate out, but the tetnp^rature had to be raised very carefully, as 
otherwise the whole mass became suddenly jjeeted from the crucible, 
in consequence of the violdliit decomposition ofttlie diferro carbide into 
iron and free grapljite, with evdlution of heat, Uic compound being 
jndotherniiw. • * 

Both carbid(‘s^ Fe^C and lie./', arc Alius eiulothermic compounds at 
temperatures above; 780^ C., ^nd the diminished solubility of graphite 
in irqn ^bove C. is due to dissociation of the diferro earbid«. 

Below 2220° C. the reacirion #• « • 

3Fc.,C^Fi,C}-C 

obtains, wjiilst at 18;t7° ('. the ccilientite dissociates: — 

* , FcgC^^aFcK’. 

Iron dicarbide, Ff Co . — A substance ol* this •.•%'nq)osition h»s been 
prepared ^ by allowing melts of iron, coAtaining from 6 to 10 per cemt. 
of carbon, to cool. Crystallisation bi gjns at 2380" to 2000° t'., a pale,., 
yellow carbide separating out, -with a silvery rvllex. ft is slowly attacked 
by nitric acid, and, when immersed in dilute coppe r sulphate solution, 
becomes coated with a film of metallic copper. 

WJien ammonium ferroeyanidts or its double Cijjtnpound with* 
ammonflim chloride, is heated, a black magnetic jxiwdt'r is obtained. 
'Phis, upon ignition in air, is completely transformed into ferric oxide 
without any change in weight, ami is lu'lieved to be the dicarbide, FeCg. 

Sev(Tal other carbides have been described, namely, the mono- 
carbide,’* FeC ; tetraferro carbide,'* Fe,C (which decomposes into 
y iron and gra[)hite at temperatures below 1130°/\); FeC^,^ FcgCg/ 
l*^t‘6C,^«‘’nd Fci-jC.^* The two last-named are obtaiiu'd by the prolonged 
action of eurbou* immoxide on iron at red heat. Fej 2 C is 'more readily 
sqjuble in sulphuric acid than Fe/\ which (iuables the latter ty be 
separated : - * 

AVi/' + l-HFwSO^-FiFeSO^ 1 tTl44 10IT2. 

f) 

/ron Carhomjls. * 

Several eont[;(»imds of iron an«J carbon monoxidp arc known. Jtlonii 
and Quincke” weren't he/irst to obtain cx})crim('ntal evidence of the 
e»steuce <^f %olatile iron t arbonyls ; tl^ey succeeded in volatilising 
redu<*ed i^^^n,in a Current of carbon monoxide to a^vei;y slight extent, 
ajid conrlud(‘d that a tetracarb# nyl, Fe(C' 0 ) 4 , had bceiv produced corre- 
spmding to tht* 'nickel analogue,* Ni(CQ) 4 , ^which had^been prepared 
flic pre^^ious yfaj.^ A few months later Mohd and Laj:igcr'^ucceedcd 
in isolating the yon« earfioind, antf found it to be not the tetra but the 
pcfita deaivativc. * r * 

1 Wittorf, S. Russ. Phys. 1911. 43 , 1613. 

* Ljubavin, ibid., 1912, 44 , 609. 

» W'tttorf, loc. cit. 

* Franok, Stahl ntt^l Eisfn, 1896, 16 , 685 ; Zeeitr., 1890, II..''673. 

^ Gautier and Clausn^in, Comvt. retd., 1910, 151 , 16. t • 

* lihand an^ Quincke, Trans. Chem. Soc., 1891, 59 , 604. r 

' Mond, Lan^rer, and Quincke, ibid., 1890, 57 , 

* Mond and Langer, ibid., p. 1090. 

* ii 
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Iroif pfentacarljonyl, *Fe(CO) 5 , was <^tamed by Mond and Lanf^cr 
by allowing finely divided iroft, obtained! by reduction of fiTroiis oxalate 
in a current of hydrogen, to remain twent\;-f()yr hours in an atinosjjhere 
of carbon mottoxidc# Tl^^ gas was gradually absoibed, and, on wanning 
the whole to riO** rfhe carbonyl •distillAl ovci* and C()ndei\sed in a 
tube kept at —‘20® ^ # 

As obtained in thib way iron pentncarbo?i\ 1 is a somewhat viscouj|^ 
liquid, pale yellow in coloQr* which solidifies at about -21^ C. to a 
mass of yelk^w* needlc-slxiped crystals^ On het^ting the ‘vapour it 
dissociates into metallic iron and earboii monoxide,, d>issoeiat 4 >n^bcing 
practically coifi^)le!c*at ‘210® •• • ^ 

The empirical formuTa, Fe(C’y) 5 , has Ix-en eontirmed in se\’eral 
analyses, and the fact that* the mo|eeuU‘ is singh* and <H)rreetly repre-^ 
sented by the above formula, when tn(‘ carbonyl is dissolMsl^n benzene, 
has been •proM^l by eryoseopic measureUK ids. The .^olid I’arbonyl 
melts at* —11) 0 to -‘20®^’., and the liipiid boils f\t 10‘2 r>'' ( under 
700 niiU. pressure. •Its density at various tempe^aturt s has been deter- 
mined as follows : 


{.erntuns 

S' 

iHnsitv. 

0 

1 

i • 1 4987 

21 1 

! 1 1595 

Ml 

! 1 • 

fiO 

1 8825 


Its mean CQelfieieut (d exjiansnni with rise ol tenif><‘ratnr('^if^*fl'00188. 
Its vapour pressure at various teinpcrat ureses as follows: - 

TciWruturc. T. . ’ 7, o ir, I IK 4* .'(5 ^77 *7^ 

Vapour pressure in mm. 1 t o 10-0 ‘25 *28 *2 52 155 0 81]'2 • 

The halogens deeomp(»se M.lulions of the carbonyl m eitrhon tetra- 
chloride with tl^‘ formation of ferroii#> salts. In the presence ol etVe&s 
of chhirim*, howawer. ferric elilm'ide isj'ornn <1. 'I'he \'elyeity of reaction 
^blls*rapidly from eJtloriwe to iodine. • • • * 

Iron ])entaearl)onyl is adsorbeil by meUilf^ iron.' , ^ 

The fact that the halogetis deeoni|x>se the |>entaearhon;^'I, yiddmg 
ferrous salts, a|^namdly suggests that the iron is merely (I!\alvnt fh the 
carbonvl. If the structural foniyda is presumably ; * • 


• >ro.» 

. f •. 

Gaseous hydrogen ddoride and bromide ^re witljout action uj^n. 
liquid iron pentacarbony^ but liydw)/Jcn iodide reacts with if. yielding 


» Stoffel U'hem. Wefkbhri, 1911, 722) ha« invcmipaUsl the condition/ governing the 

formation of I->(rO)s and shows dial the pnisrnce of ammonTa arcolerates the reaction. 

» De^ar a#d H. 0. Jones, Proc. Roy, .S»c., 1905. A, 76 . 558. 

* Sfnffftl Rinkth Inter. Cona. At>p. C'hem., 1912, 2, 225. • ^ 


* Stoffel, Eigkih Inter. Cong. App. Chem., 1912, 2, 225. ^ , -Ti,, # 

* Mond. U>^cit. i Glairtonc, Phil Mag., 1893, (6), 35 . ^ ;* 

Vaktwg (Longmans, ftOg), p. 11?^ contrast Silva, BuU. So<^ cA*w., 1897, jS), 15 , 885. 
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ferrous iodide, carbon monoxide, and hydrogen. When expbiidi to 
sunlight, the pentacarbonyl, either alone or i» solution, decomposes,^ 
yielding : — , « • • 

Diferro nonacarbonyl, Fe 2 (CO) 9 , which separates out as orange- 
red crystals, wliich *aro stalie in dfy air. The reaction is as follows : — 

2 Fe(€ 0 ) 6 — Fe 2 (CO) 9 +CO- • ’ * 

( • * • . 

The electric ar,c only induces the aJbbvt change slowly, whilst the 

acetylene fianic has, ve^y littl^ influence. Blue light is piost effective, 
the ac,t,iwty falliug»as the red end of the spectrum is approached. Varia- 
tion of pres^iure up to 125 afllnospheres is without ififluence, whilst 
heating to 60° or 100 ° C. entirely inhibits tW change. The reaction* 
induced by light is slowly re versed Jn the dark. The reaction proceeds 
more readily in ether, aleohol, ^)r light petroleum solution than in 
benzene, ' • * 

To obtain the iionacufrbonyl in a pure coijdition, the penta derivative 
is dissolved in dry ether or ligflt ])ctrol(jum, and Exposed to sunlight. 
The resulting crystals are dried over sulphuric acid and solid paraffin. 
The nonacarbonyl is practically insoluble in ether,, benzene, or lighty 
petroleum ; slightly more soluble in ethyl dleohol or acetone ; and more 
so in pyridine. Its density at 18° C. is 2 0$5. On warming, it decom- 
poses at about 100° C,, yielding the pentacarbonyl, free if on, and carbon 
monoxi(^c. Thus ^ 

2 Fe 2 (CO )« -3Fe(CO)6 + Fe 8 CO. 

When* crystals of the nonacarbonyl are warmed with certain solvents 
to from 50° to 90° C., in an atmosphere of carbon dioxide, they dissolve, 
yielding green solutions which contain a third carbonyl, namely : — 

Iron tetracarbonyl, Fe(CO > 4 , the analogue of nickel carbonyl. Dewar 
* and Joftos ^ obtqiinVd it in the form of dark green prism^itic crystals 
from the gfeen toluene solution. Iron tetracarbonyl is stable under 
ordinary cjonditions, J)ut dissociates into mctallk' iron and carbon mon- 
oxide at 140° to 1 50° ('. The crystals have a density of 1 -996 at 18° C., 

' and are soluble* in toluene, light petroleum, etc., yielding dark green 
solutions wliicli slowly decol(p*i.sc at 100 ° C., and rapidly at 140° C., 
mettlllic iron being depo,|itcd. «From cryoscopic measurements it 
appears that tjie tetracarbonyl ^has a high molecular weight *when 
dissolved in bcnv.enc, * « ^ i ^ 

^Ferro-nick^l nonacarttbnyl, FeNi(CO)t, appears to be formed when 
iron pentacarbonyl lis dissolved in nickel tetracarbonyl.^ 

« Ferrous carbonate, FeCOg, oV*curs in nature as spidldc iron ore (s^ 
p. 20), which, however,, is not pure, even in 4 he crystallin^Jorm, as it 
oontainU seveiw!! ether isevnorphous carbonates. When crystalline, the 
mineral is generaVy known as chalyhiie 0 )^ sicUfiie. The crystals belong 
to the hejtagonfd system, .and are brown in colour. Upon exposure to ' 
miisture i^nd air tliey are gradually converted ihto hydfated ferric oxide. 
When heated, they begin to fiecompose at ab^ut 400° C.* in air. 

In the laboratory ferrous carbonate piay be obtained as a white 

' Dewar and Jones, Avc. JRoy, (Sfoc.,*l905, A, 76 , 658 ; 1907, A, 7f»» 

* Dkrar artd Jones, loe. eU. ^ ‘ , 

• Dowar and 'Jones, ibid., 1906, A, 76 , 668 . * JL ^ 

♦ Frifdrioh and L. p. Smith, Centr. Min., I9fi, pp. 616, 051 ,' 6 ^. 



'iron Ain) fHE BaSBMENTS OF GEOOTS IV. AND 111. SOI 

• • • ^ • # 

precipitate by adding sodium cwbonate |o a solution of ferrous sulphate 
m the absence of air. <lf air is present, the precipitate rapidly turns 
green in consequence of oxidation, carlxan .dioxide is evolved, and 
ultimately the mass*consists almost entirely of h rrie hydroxide. 

If the air is enfirely«cxcluded, tlu^ original white precipitate may be 
washed and'dricti a»d kept in a h(irinetieaIly,seHlt'ii lub(‘. 

Microscopic crystals of ferrous carbonate have hein t^btuiiicd 
precipitating tlie^ salt IJjoin* a ‘ferrous solution with .sodium hydrogen 
carbonate, and heating the •mixture in ch^ed tubt's for fwelve to thirty- 
six hours at 150'" , • • • , , 

The heat of formatioji^tf ferrous carbftuateMs ^ 

[FeO] } (F()2^=[Fe(*03l f 25,‘2()() ealorii-s. 


Ferrous hydrogen carbonate or ferrous bicarbonate, yiH2(COa){, 
exists in ^s?)lutiohs obtained by dissolving ferrous (pvide'or carbonate 
in watjir charged wd(^ (‘xeijss of earbiyi dioxide* On i‘xj)osurc to air 
carbon dioxide is evolv'ed, luid a pneipilatc is obtained consisting 
essentially of ferric hydroxide.'* * 

^ The solubility t>f ferrous earHojiute in water and in aepn ous solutioiw 
of certain mineral salts under a pressure of two atmospheres of carbon 
dioxide is as follows : — ^ • 


Halt • 

(’oftmilrutiun in (iraniH 
per Lilri* 

-* 

KoCO, (Jrama jk# Litre 
at U " tn IK“ ('. 

• 

0 0 

(MOOT 

• 

$ 

MgCl 2 ,(JH .,0 . 

r 80-0 

700 0 

J 11500 ^ 

1 im-f) 

• 1725 , 

^ 2 ;joo 

5-8403 • 

* . t 

4'4.W7 

• 1003-1, •• 

5-3075 ‘ 

•0 042 4 

Na 8 S;O,. 10 Il 2 O*, 

• • • 

/ 187^7 * • 

Saturated 14"^ t'. 

• 

*•7 0428 • 

1 •0-578 

• • 

MgSO^.THaO . 

• • 

• 

f 105-3 . *• 

\SatTirated at 18^" C. 

• 

rv2123 , 

1 • 7-31122 

• ,# 


• • • • 

FerrouaH>ota88ium cavbonate, FeK2(C03)2.4il2^» 1^^ prepared 

by mixing, out 6f contact >t'ith air, •a contenirated stlnrton of^fertous 
chloride with excess of pofassium carbonate. At li^t » white precipitate 
* of ferrous carbonate is formed, wliich soon dissWvcs to a j^eeniSh solution^ 
from which the double salt crystalline# th nearly whitc^scales.i ^ 

•Ferric carbonate is too unstable to e^^ist in the dry state. It* i« 

• 

* Le Cluitelier, Compl. rtnd., 1^9?, lao, (123. • * 

* Jiuf (£e^, 1907, 40 , 3605) ha# iiiudidR the kineticrof the autoxidations of ft^ota 

^hydrogen oarbonrte in wa^r. - ^ 

t ^ Stlert Mid HemDeh Zeitsch, Elekirockem,^ 1912, x8, 727. 
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produced when a ferric salt is#precipitated with sodium carboiiatei but 
rapidly loses carbon dioxide, leaving? a ‘precipitate ponsisting mainly 
of ferric hydroxide. , • • • 

Complex Iron Carbonates. — Complex anjmonhim iren carbonates 
have been prepared in solution t)y adding excess df ammonium car- 
bonate to ferrous or ferric ^salts in aqveous soluti^nst Ferric ammonium 
^arbonatc solution is blood-red in colour, and stable when kept in a 
closed vessel, but deposits ferric hydroxide op evaporation. Ferrous 
ammonium earbonajte yields a, colourless solution, which, upon oxidation 
in a limited supply of air, yields doubly refracting green prisms of basic 
ferroso-ferrip ammonium’carbdihitc, NIIi.C03,Fe.C0j.Fe!C03.Fc0.2H20. 
This, when treated with alkali hydnixides, yields magnetic ferroso -ferric* 
oxide (see p. 144 ). ^ ^ ^ • 

A basi(fcearl)onate is obtained ‘by grinding crystals of ferric chloride 
with a slight excess of crystallised sodium carbonate unfed no more 
carbon dioxid(‘ is ev^olved. The now licpaid mixture is mfxcd with 
water, and the precipitate allowed to settle, and dried. The proportion 
of carbon dioxide present is liable to vary, as washing the precipitate 
induces hydrolysis. A substance of •composition approximating tc^ 
7Fe203.C02.8ll20 has been obtained.-* * 

Ferrous thiocarbonate, FeCS;,.— On adding an alkali thiocarbonate 
to ferrous sul|)hate solution a red lUphd is obtained, ^ivhieh gradually , 
bcoomej darker in eolonr on standing. .The solution ds believed to 
contain h^rrous thioearbonatc (Hrr/.elius). ^ 

• /!Sv 

Ferrous cpcythiocarbonate, Fe<( )C(), is sometimes formed in 

natural waters in solution as the result of combination between ferrous 
sulphide and carbon dioxide?. Tt has Ix'en detected in the waters of 
the Ulj^ine.'' , * 

Ferroii^ thiocarbonate hexammoniate, F02C2S7.GNII3.2II2O, is pre- 
pared by warming a mixi^re of ferrous hydroxide, aqueous ammonia, 
aiTcf carbon disulphide. It yields lilaek tetragonal ])risms, with violet 
iridescence. On exfiosiise to air it Mecom poses with heat, ferric 
hydroxide jicsufting.^ 

c 

niON ANn CYANOGFN. 

^ c 

Ferrous cyankle is obtained ^ a^ a yellow powder ^in lu'ating hydiogeff 
ferrocyanide, ^Il4Fe(CN)8?*in tlu? absence of air to 300 '^ C. Hydrogen 
cyanide is^evolved. It is iflso ohtaincil on heating ammonium ferro- 
cyantllc in th^ absence of air.® Ferrous cyanide is stubld, in the absence 
of oxygen, but^cven in cold aA rapidly becomes wfirm, and when 
gently heated it ^ows, .yielding ferric oxide.’. 

«» The* const itu Von of ferrous cyanide is discussed by Browning, who 
suggests that it iscrei^ly an wocyanidc, fof, wh^n warmed with potassium 

• Hauser, Her., 1805, 38, 2787, , 

«• Feist, ?4rrA. Pharm.^ lt)09, 247, 4.39. * • 

* Causse, Compt. retul.^ 1900, 131, 947. 

* Wiede add K. A. Hofmann, Zeitsch. anorg. Chei^i., 1806, ii, 379. ^ 

* Robiquet (see Dammef*, Hnndbuch der arntgani^lt^ Chemie^ 1893, III., 364) believed 

that ferrous cyanide resulted Prussiar# blue was reduced by hyd#c^en*siilphide. 

Hofmann (Agppa/eu,, J907, 352, 54) shows that this cannot be correct. * 

« Berzelius, Ann, Ohim, Pht/s., 1820. (1). 15, 228. ^ 

f ’ Browningjl Trans, « 77» 1234. 
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• • • 

ethyl sulphate in -a current of hydrogitn, it yields ethyl isoevanido. 
The formula for ferrous ^yanfdc is thus Fc(NC)2, rather than Fe(CN)j|. 

Ferric cyanide is not kikown/but lar^unittui>j rs of e()mf)lex deriva- 
tives of both* ferroifs anej ferric cyanides have been prepared in which 
the iron enters into tite ue.jjfative riftlicle. ^Thes(' jtr(' .known as 
andyerri-ci/rtnw/As r(iip(;etively. , ^ • 

* * • * * 

CoNSTiTUTIO* OF tTuRO- Altl) Ff'-IMU -I'VA yj OKS* 

• * # . • • 

• The constitution of hydrogen and alWdi ferrtu'yauiJes has 4 ‘i',*^>any 

years been a ’^laTtfr (d’ dispute. B^ 2 li (irahain and Krienmeyer ^ 
believed that tin* evanofji'n radicles were* present in jL^roups ol three, 
as in cyanurie aeid, C3N3(()1I),. s«) that the formula lor hydro^tai terro-^ 
cyanide becomes : — • 

C'H N N-('H 

N (’ - I’V ( \ N. « 

( tr^x , N cn • 

Ktard and Hennnit and fVieiUl * sutr^^nsted the eyelie lormula : - 

• * (NH 

• N(’ (’Nil 

I'V. I I 

N(‘ (NH 

• * 


whilst Browninu * writes hydro^a ii terroeyanide as : - 


(' Nil 


N 


Fo 


N 


\ .> II 

o -NH 
Nil. 


The results obtained for tin* osmolie pressuws and eMetrie t*on- 
ductivities of aqueous solutions ot ealeiuni and strontiupi ferroeyanidcs , 
(sec pp. 20S and 220) indicate that these molecules possesi^tln double 
formula, M.IFe^CNlel,. On the other l»ind. ll‘/> fernwyigiidc 

is known to have the sin^^le formula, (t ^) k*’ 

• Each of the two latter ^M-a|)hieal tg)rmul.'e as writttif above assumes 
that the iron and hvdro^en are attached dir*^^'l ly •♦<> the mtro(^en and 
not to the carbon atoms, l^his is supjiortad. in so jar af tin hydroffcn 
atoms arc eomiern^al, by Freund's « pre])aratir)n of ethyi Orroe^j^mde 
from silver fcrrcicyamde and ethyl iodide : • * 

The ester, on heating,* <ieeoniV<>sc<l,* yfelili^g TdTiyl iioeyanide, 

CH NC. * • T * 

As has already b^on mentioned,^ hydrogen feyocyanidc, wlicii* 

• * * . • 

Graham, Elemeids of Chemtstty, 1842, I, 200; l^lenrneycr, Lehrbwh der orgamichtn 

^ !^ard aJid Bemont, Cimpt 1884, 99 , 972, 1024. • 

» Friddel, md., 1887, 104 , 994. • 

* Browning, Trans. Ch^. Soc., 1900, 77 , 1234. 

'' Buchbock, Zeiisch. pwysihd. Chem., 1897, 23 , 1')?. 

• Freond; Ber„ 1 ^ 8 ,^i, 931^® 
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heated in the absence of air, yieWs ferrous cyanide, and if the Zye^yanide 
constitutipn be accepted for this salt, it may be inferred’ that the same 
grouping, namely Fc(NC) 5 ;, occurs in Jrydrogen fcrrocyanide. 

To this extent, therefore, the two foregping formula; agree, but 
Browning suggests' that his formula is probabiy mhre nearly correct 
as it offers a mare rer.dy explanation for the formptirn of nitroprussides, 
(?tc., no rupture of a hexatomic ring being necessary. Thus, potassium 
nitroprusside becomes : ~ t * * ' ^ 

‘ • % /CN . 

^ NC<( 

. ^NO 

.CNK 


NC 




\CNK. r 

Neither fetmula, however, explains the fact that the potassium 
atoms are labile, wjiilst the iron atom is not. Deniges*^ overcomes this 
difheulty by the formyht : — 



In common with Browning’s formula, This scheme admits of the 
ready formation Mf nitroprussides without disrupting aTp\g. Further- ' 
more, siticc the iron is not attached in the same way as the potassium 
ijitoms, being linked to carbon insVead of nitrogen, a different; in stability 
may reasonably be expected. 

The weakness of this formula lies in the fact that the only available 
evidence on the subject points to the conclusion that the iron is attached 
directly to nitrogen, and not to the carbon as here represented, ferrous 
cyanidymving thaisocyanie structure.* 

According t o %Vcrner’s t heory (see this series, Vol. X.), the formula; of 
hYdrogen ferro- and forrh'^yanidc should be written fFc(CN)g]H 4 and 
lfelCN.;.TII, respectively, the six cyanogen groups being co-ordinated 
\ with the iron i^tom, and constituting tlie nucleus around which hover 
the rcplaco::ble^ hydrogen atoms. 

hi 19H Bnjms '* believed that he had succeeded in isolating two 
isomcrides of jibiassium fetrocyaiiide,^ and suggested their representa- 
tion by the follft^ing sterco-isomcric schemes ,, j 


K 




■7 


/ 


"K 


/ 




/ 




1, 2, Js, 4 position. 


1, 2, 4, 6 poution. 


' Donig^d^uU. 80c, rA»m., lOltf, 30, 79. • Browning, Joe. cit 

* Briggs, Traiut. Chtm. 80c,, 1911, 99 , 1019. Ses also p. ^ 12 . ^ 

♦ * In 1899 Ixioke and Edwihds concindech,that potassium ferrioyanid^ exu(ts in two 
iaoknexio fonpia This has boon disputed ; and the evidence is certainly even loss mb- ; 
atantial tban^in the pape of the ferrooyanide under disoussioii See Locke and Edwardi^ * 
Amer. Ohm. J., 1899, at, 193, 413 ; Belluool and Sabayni, AOt JJ. 1911, (5), j 
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^tihouA ft was not possible to deternui^ which isomcride corresponded 
to each particular scheme. * 

Bennett, 1 however, dissented ^roni this,vie,w. Ha\ ing prepared the 
two “isomcBidcs ” •according to the directions’ giv-ii by Briggs and 
measured their angles, concluded that tl^reean he no doubt of their 
crystallographic idt^ptity . Briggs * therefore rein vi^stigi A ed the problem, 
and showed that th« so-called p fcrro(‘yuiTities ‘are in reality mixed 
crystals of ferrocyanick- aiM •fupiOj)ent^evaiu)ferril e. lC^fFe{CN) 5 lijOt 
(See p. 215.) , * . ‘ . 

• There still refimins, however, th/ possibilifv; 4 >f isonuTism of 
the inorganic fcrr?)cyanides being ultiiaately diseovered, comparable 
* with the undoubted isomerism manifested by tlie tetr^mcthvl salt, 
(CHs)4Fe(CN)e.« • * 

Now, Werner’s formula docs notiiRimit of the iVvssibility ^isomerishi* 
of fcrrocyanklesE This is not the ease, however, with tiie formula' of 
Deniges,* Browning, and of J^tartl, several rejirrjiug(‘uti nts being possible. 
Aceorfliiig to Frieiltl^ ^ shell Jheory three isonterides, namely, ortho, 
meta, and para, are possible. * Thus : - 


C 


0 NK 

• ^ N : (y'' 

K ‘ 

1, 2, <ir ortho sail. ^ 


'N •• (y 
K ‘ 

1, a. or ruotr. kuU. 


1, 1, or para mill. 


In ail analogous manner three isomerides an*, tlieorctieilily, jiossibli; 
folk potassium ferri(iyaiiid<‘, K 3 Fe(('N)e, in diidi tlu' centra! iron jil^m 
is trivalent. All of tliese eyelie seliemes are ift harmony %ith the 
isocyanic structure of ferrous eyaiiidi'. Tht*)^ also serv** to exfilaiii why# 
the potassium ions are ionisable, whereas the inui atopi, h^iund within 
the centre of the shell, constitutes p^rf ot the m galiv^'jradieh.', • 
When a solution of potassium ferroeyamde reacts wilh rather 
^essf than one ecjifivaU’nt <>f a ferft<' salt, a bine ilV’drated precipi- 
tate of a-soluble Prussian blue, or ferrt# piftassium ferroeyanide 
Fe*'‘K[Fe'“(CN)g|, is obtaim'd. Now. Jfofmann ;ind liis eo- workers 
have shown that 4his jireeipUate is identical with that pripari^Vunder 
precisely similar conditions by the addttion of a ferrous salt to*j3otassiiim 
fcrricyai)i4^, although ui ikis case ferrous ^pota.'fsrurn fcrricyanide, 
Fe“K[Fe ’ {CN^e], might be expek*ted. .It^is thcrt^ol'^ assuf^ed 
’ the latter salt is unstabFe, anp, at the moment oi fojrmation, undergoes 
* intramolecular rearrangement, to the former complex. • • 

By adopting the shell formuU<^ ^however, the ^iillicul^ at ^cc 

^ Benxiett, Tram. Chem. >Soc., 1917, iii, 490. ?>eo aUo PiutU, j3t;r.,»1912, 45 * 1830; 
Hiaiiiidr aii(f.Bie 8 alAki, ibui, p. WeUfl, AfMr. Chem. Jk, 1913, 49 , 205. 

• Bfiggs^rran#. Chem. 80 c.. 1920, iif, 1020. •• 

» iki<L, 191.3.103, 1198. 

* Frtond, ibid,t 1910 ,po 9 , 715. 

Hofiiiuin an4^o.^rker«^«lMiuUefi, 1904, 337 , 1. 
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disappears, for the two salts ar^ seen (o he identical jvithout felKrrange* 
ment. For example, 1, 4 ferrocyanide reatts with a ferric salt yieldmg 
2,8, 5 ferric 6 potassium 4JPerrocyamde, which is clearly the same as 
1, 4 ferrous 6 potassium 2, 8, 5 ferricyanide obtained by the action of 
a ferrous salt on^ potassium \ , 2, 4 fierricyanide.* tThus : — ^ 


F13CI3 + 


ON • 

Kc/" 1 
I fe •! 

I ONK 

ON 

1, 4 fci rocyaiiide. 


FeCI^ + 


('NK 

\ 

KON m 
Fe*/ 1 
/ \ 1 
CN 

\ / 

GNK 

8, 5 fernoyauido, 







, Prussian Blue. 


Feirocyankl^s, M4[Fc(CN)e]. ' 

The rcactioys of soluble ferrocyanides arc in general typified by thos 
of the potassium salt, the propert i(‘s of which are therefore diseussed*in 
detail (sec p. 212 ). 

Hydrogen ferrocyanide, Ferro-cyanic acid, H4[,Fe(C'N)6j, is eoii- 
venicntljfeprepart'd ()y adding eoneentrated acpicous hydro^ren chloride 
solution to*' a saturated solution of potassium ferrocyanide, in the 
col^;— ^ 

IVilFciCNM+ tllCl^+Kt'l I H,[Fc(CN)J. 

The precipitate, Vlried in the a^xsenee of air, is dissolved in alcohol and 
re-precipitated aS white powder (Ai addition of ether, but apparently 
combined with <two molecules oli, ether, which, however, evapojate^ 
away upon exposilre t# air. ,leaving the pure acid* as a residue.® 

Fcrrocyanio acid is also, obtained when a solution of insoluble 
Prussi^ bliTj yi hot,' concentrated hydrochloric acid is allowed to stand 
(see p. 227*). . ' * < 

Tiydrogcn ferrocyanide is solubie in water and possesses a strong 
acid reaqfion. The solution decomjwses *01^ boiling, eyolvitt^* gaseous 
h5^roge!h cyanicfe,' an^ yi(<idifig a w^iite precipitate of ferrous cyanide. . 
Thus : — * , . * 

, , ,H 4 [Fe(CN)e]= 4 HCN 4 -Fe(Glt),. , 

< * * • r ^ 

'* These view have been vigoroiisly attacked by E. E. Turner, Trans. Ckem. (Soc., 
1916, 109, 1130. o * . , 

Liebig, AnnaUn, 1853, 87, IW? ; Joannis, 4^». Chinl. Phys., 1882, (6), g6, 484. 

• EtMrd and B4mont, Compt^ rend., 1884, 99, 072, 1024. , 

* BorceUu8,^o)lwe^er*« J., 1820, 30, 57 1 Adie and Bro¥idng, Trana. Chetn, Soc,, 

I9^,77il^ r \ • 
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Ui)on exposure to air hj'drogen ffrrooyaniile absorbs oxv^oii. yieldina 
hydrflgen cyanide a\jd a /erriasalt of th? original acid. "iTius 

7H4tFe(CN).J+Oj-=24HCN +211,0 4.Fr^F.'(CN),),. 

Heated in the ’absence o| &ir to 300 “' i'., a yiilv Vi llffcw i>(>\vd(‘r (ferrous 
cyauide) is o\)ttii«cd * hydro^r^.n cyanide iK in^r e\ ulV’(i.‘ 

The hiut onuumipsutioii uf i?Troeyanie*acid with 4 iV(deeules of 
ix)t»ssium hydroxide is • , ^ ^ • 

H 4 l'e(Ciy)g-f- J-KOIl -?K 4 Ft(CN)^ , ) ?>7XK)0 ealories 

at 12° C.^ Ihe heat formation of fern.fc‘vanh‘ acid from its (‘Icnients 
is -122,000 calories.-* * '' • 

Aluminium ferrocyanide^ Al^l A (('N)«J,.l7lloO, is fornad when 
solutions of alum and pota-ssium fer^teyanide are mixtd inutile oold,'^ 
the alum beuiir (l)r^*sumably) in e\eess*‘; otherwise the double aluminium 
amrnoniutFi salt is prodinad. * • 

Aluminium iuiimonium* ferrocyanllle, Al(Nli,)F( (t X),,.4ll80, is 
lormcd as a jelly on mixin^^ e(jui\alent solutions cif aluminium chloride 
i^nd ammonium feij^oeyanidt .'* .Tin* salt is (bilieult to isolate, but is 
obtained as a precipitate b\» eeiftrifupitin;^^ at OOOO revolutitius per 
minute. I’he j^reeipitate is \^•ashed with aeetoiu' and (ther and dried 
in vacuo. It resembles the jiolassium salt in apjiearanee, bein^f ilark 
^reeii and transparent m lum[)s, but a Inrht blmsii ^u’een tvhen po^^•der(d. 
At 100° it beeoiiies anliydrfHis and avsnmes a ileej) blue colour. 

Aluminium potassium ferrccyanide (s( < p. 218). ^ 

Ammonium ferrccyanide, (N 1 I 4 ) 41 m (CX^.OJId), may.bi Obtained 
eith^u* by tiie action of ammomnin hydroxide upon Prussian blue, or by 
neutralising^ liyflro^^nn ferroeyaniile with ammonia.^ On f'oneentratinjjf 
the solution over pot^issiuni liydnexidi* in a \ aenum, tin* salt erystiillises 
out in thin, jjfreenish-yeliow plates, or the salt may bi‘*|)^;eeipitatirji frt>m 
solution with alcohol. ** Wln ii heatid m t h(‘ alisi net of air, ahinioniuin 
fcrro^'anid(.‘ yields ferrous* evanide.'* 'Fhe afptToiis solution of t]ie salt, i^ 
very unstable, bi iu;.,^ decfunposetlon merely warming, > i< Idm/^f, ai^on^rst 
other products, ammonium cyanide.'’ When bhiled m contact with air, 
it yields a dull green dejiosit of Ft 

The double .salt with ainmoniuni »eljlo^i(je, (N Ji 4 )ji^V(FN),i.NlI^'h 
8H2O, is obtainal as pale yellow or brown crystals l>y I'ooling warm, 
in«cct solutions of aBumvuuni ferroej^mide and a^iimnniuin chloride 
in the presence of sodium cyanide or of aeelie*«eid rcsjic ’t jvely.*^ Th|; 
anhydrous salt has also been obtained.** * , ^ 

0 ‘ Br 9 wiimg, !ZVa«/f»CVK /w SV., IIKM), 77 , 1231. e ulMf> Kfinimplslicrg, 

1851, 38 , 364 ; 1851,^12, 111; KtanI iind Jionx^t, Cnmpl. n lu! , ISHii 972, 1024. 

* See RobiqAiit, Ann. Chun l^iyi* ( 1 ). 12 , 277 . l^ml aini lioniont, h^, rih ; 

Kecmanii and rariiis, IHoil* lyi, 39 -,* Adii* mkI 4#r<»\Miing,#7%%A. ChSm 
lOfK), 77 , 15U. • • • • , 

• • C^^tien and Ciuinc-hant, Cowjd. i^nd., 1903, 137 , 05. C<jmi)urtt.l(>an»i«, Comjd. 

refMf., 1882, 94, 725. . • 

* Berthelot, Thtrmochvune, JI., 294. ^ * 

•*Wyrouboff, /tun. Chwi. Phy^, 1879, (5), i 8 , 410. ^ 

• Kobinson, TraM. Chfttn Sor., 1909, 95» 1353. ♦ * 

’ Bunsen, l^g, AnuaUn^ ]H.3o, ^,%04 ; BiiggH, Tram. Ch^i, .s’'>r., 1911. 99 , 1019. 

• £tard#nd B^mont, Compt. rena., 1885, ^ 00 , 108. • • 

• • Berzelius, Atin^ Chtm. Phys., 1820, (I), 15 , 228. 

WiUlama, Proc. Chem^. 1913, 29 , 54. 

»» Briggs,^ eit, - ^ 
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Barium feiroQTauide,* Ba^e(CK),.6Hfi; is readily Jiri^Mkred by 
boiling Prussian blue (see p. 265) with the reqpisite'qumtity of b^um 
hydroxide solution. It ^also results ^^hen ferrous sulphate and barium 
cyanide solutions intferact. * ^ 

Upon conccntmtion salt ^ystallises iti monoclini^ prisms. 
Cadmium ferrofyanlde. — On aaddition of potassiuqi ferrocyanide to 
solutions fijT cadmium satts, complex precipital5es*containing cadmium 
^ and potassium in varying proportions aije obtained. 

The kepta-mimonuite has been preparc4, nf;mely Cd2Fe(CN)fl.7NH3.* 
Gilcipilum ^^tdonium ait^l cadmium potassium ferfo cyanides are 
know.® • ce * c • 

Gsesiuni ferrocyanide, Cs 4 Fc(CN) 6 -f(?) 6 H 20 , has been prepared by 
neutralising hydrogen ferrocyanide*with cjosium hydroxide.* * 

Calcium ferrocyanide, Ca2Fe(CN)6.rIl20 (where a: =11,® or 12,®), 
may be obtained by boiling Prussian blue with the calculated quantity 
of milk of lime. ‘ It iijji also formed when hydrogen 'cyanido is passed 
into a suspeiTusion of lime and ferrous hydroxide" in water. Jhe salt 
crystallises in pale yellow triclinic ])risms, which are more soluble in 
cold water than in hot. - 

The density of the salt is 1 *68. At 500° C., in fne absence of air dr 
oxygen, it decomposes, yielding calcium oyanamide. Thus : — 

Ca2Fe(CN)6=2CaCN2+Fc+N2+4C.^ 

Th^ osmotic pressures of solutions of oaleium ferrodyanide in water 
^havc been determined for viCi’ious concentrations,® and the results 
indicate that the negative radicles are associated, yielding the double 
ion [Fe(CN):).;'""". 

Calcium ammonium ferrocyanide, (NIl 4 ) 2 CaFe(CN) 5 , results on 
mixing cold concentrated solutions of calcium chloride and ammonium 
ferrod^uiide, in ^cquimoleeular projKirtions, washing the precipitate 
and dryVw hir or at 100° It also results on boiling potassium 
galeiurn ferrocyanide (sc<yn. 210) with water containing a large excess of 
ammaiilim ehlorick'.’ ‘ ' 

One part qf the salt dissolves in 388 parts of water at 15° to 17° C, 
Cerium ammonium ferrocyanide, (NH 4 ).CcFc(CN) 6 , is obtained* on 
mixing, in the cold, conooiitruted solutions of cerium chloride and 
ammonium feVrbeyanide. » No description of the salt lias been given. 
Cerium poC^sium ferrocyanide (sec p. 219). ‘ ^ 

Cerium sodium Cerr^ryanide (see p, 220). ' ‘ ' 

^ Ck^alt ferro^anide, ('u2Fe(CN)3.7H20,“ is obtained by neutralising 
the*free fievi with cobalt hydroxide. It is less stably than the corre- 
gpon^ing nickel salt. It is <^reen in' colour ; Oxidised by chlorine, 
water to ferricy^anidc and by bromine water to hydrated cobaltic oxide,^* 

' If^we and CiatapbcU, t4»ifr. Ghem^ Soc., 1896, 20, 29. • 

^ * Peters, ZeiUc\an€rg. Chtm., 1912, 77, 137 

• See Miller |«d Falk, J. Arncr. Chem. Soc.} 1904, 26, 952; Miller and Fisher, ibui^ 

< km 32,637 ; 1902. 24, 226. 

f ♦ Briggs, toe. cif, * ♦ 

• Berkeley, Hartley, and Burton, Phil. Trans.^ 1906, A, 209, 177 ; Berkeley, Hajrtiey, 
'end Stephenson, ibid., p. 319. 

• Joannis, CompL rend, 1882, 94, 725, * 

^ Brown, Trans. Chem. 1907, 91, 1§26. 

• Bobinfaon. ibid., 1909, 95, 1363. 

^ Jat^esber., 1876, 29. 311. 

Weme^^eOseA. anol. Chem., 1919, 58, 23. 
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Uto with .coucfntrated * hydrochloric acid, the acid salt 

CoH|Fe(CN)<.4HjO, is 

"file tri'ammonialet Co2Fe(CN)<,«3NHa, htyj b^en nrepared.* 

Copper (^ric) ferro^-anide, Ciij,[Fc(('NU. j Aq., is obtained as a 
brown precipitate* by ^ mixing soJulions />/ copper , suIpJmte and 
potassium ferrocyan^e^ the former salt being prc%mt in excess.* An 
mtercsting exp^riment^consists in ‘preparing *111 a gas jar 4 satumted 
solution of copper sulphate and ^lihiting ^orn<* 50 per yent. A drop of* 
saturated {)otassiilm ferAeyaiiido solution is now»inJro(fticed by means 
of^a pipette and rapidly sinks to the lK)^om of the jsjr. It not 
mix with the coppef ^dphatc solution, few its siiriacc nliicli came into 
contact with the latter sohftion is ik^w eovered with a thin afid invisible 
membrane of eopper ferrocy*inid<-. Afti r 1\ mg at the bottom of the 
jar a little while, the dro}) will be s(h% to inerease*slightly ii^bulk. and 
then rise up thre^ugh th<* (‘op|KT .sulphate solution to thr toj) of the 
jar. This* is due to water j>assing tlirough tl^e eof)p(‘r fe rroeyanide 
membrane and redu^-mg the (hnsity df t)i(‘ pofassinm ferrocytinide 
solution.* 


Evidence has been ol)tained Miggcstivc of tin* possible exist cnee of 
the trihydrate, Cu 2 l'c‘(('i\) 6 .;il 40 .^ • 

The salt is largely used ii^^'xpermu ntal work dealing with osmosis.* 

The pores in a coj)])er lerroeyanide membrane arc* exeeedingly line, 
^'anging froru4;i*to (50 pp, in diametc'r, tlie avc'nigc* b^ing from 15 to 
20 fxjx^ The osiwotie aetioTi is not ^ine to a seleetive ineefianica! 

* filtration, but to seleetive* adsorption cm the surface of the rnembraiu*. 
Hence sue*h rnembraiie-s as have* the smallest jiores auj expose the 
greatest siqierlieial are*a are the most ellieient se*)mperme*al/le structures. 

CoppeT ferroeyanide* may he ohtiuiied m e*(dloidal form of high 
chemical jnirity by* prolonged dndysis of tiie* solution ohtain^'d by 
mixing equivalent solutions of .sodium fe rroeyanide aAel eop[)er 4 ^iIoride 

* (or sulphate).' ^ 

Thi^ molecular weigld of e*olle>idal e‘o[)j)^ fe rroejyaiiide* has h^cB 
calculated * as 700,000. , * . . 

When healed with concent rat eel nitrie* aeiTl, a ferro4’e*rrieyanidi‘ is 
obtained of the conqiositiou 




* Wlioa boiled crtiiociilrulo.t hydroclijoric *ii'iif, \lu‘ acid nail 

CuH2Fe(CN)a.4n20, is oblaiiu'd as a ye lk*", insoluble •.substaueci* 
This, when digested witii solufioiis of the chlejrides orthe* ^^^ksli me^ls, 

• • • • 

‘ Williams, Pror.Vhem. Soc., 1912, 28 , ,S17.» 

* Peters, Znt»ch. 

* Namely, at leasf five* molecuWof copj)fr#eulphat« to#>ne i>f polmtMdm ferr<^aili<l« 

(£ 5 . MfiUer and co-workurs, ./. jwafi. Ch<'m., 1912, 86, 82). • 

• * Thick ZrttocA. KUHrochem 1900, ft, 229. 

‘ Tinker, Proc. Roy ^ Hoc., Itn#, A, 93 , 268. 

♦ See Tinker, he. cU. ; Ueutner, J. Physical (Mem., 1918, 17 , 844. • % 

’|Twker, Proc. Roy. Hoc., 19l8, A, 92 , 867. By ft i| Kf-ncraily eiiiderstood 0 001 mm, 

and oV uu 0-000001 nun. * 

• PappadmV«l^«*» ftoOoidv, 1911, 9 , 181^ Sec alno Duclanx, Vomitt. 

rend., 1004^I38#144. • • 

• • Dttclaox, J. ejUm. pkys^ 1909, 7 , 303. 

^ WlUianU, Proc. Chem. Mac., 1913, 29 , 

»» WilUim^ iWd., 317.^# 

• ^ VOL. IX. :n. 
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liberates hydrochloric acid, yielding* alkali cdprifeirocyanidea 'fbus, 
for example, with potassium cnloridc : — ° o 

Cull2Ko(CX)e-f2KCl-CuK2Fc(CN)e+2HCL 

With sodium (^hloridc solution in the cold hnly half the hydrogen is 
replaced, thus ; - c * . . ^ 

. * CuH2Fe(('\)Vl-NaCl-CuNaIIIMcW)e+ 

This latter salt* when* digested with potassiuri\' or ammonium chloride, 
yields (;uNaKFr(('^)„ or CuNaNH 4 Fe(CN )6 respectively. 

The acid salt (‘uIh^Fe((’N‘)(', thus behaves as d dibasic acid, namely 
cupriferroc^anic arid, and gives rise to a deliAito series of salts known a% 
cupriferrocijanidea, whieli are discussed on^). 211. 

*' Ciiprofcrrocya aides, M 2 (’u 2 Fe(CN) 8 . 

Ammonium cupiJOlerrocy£wnide, (NlI^^a^Ugl^etCN)^, results ^ when 
cuprous cyanide is boiled with a solution of ammonium ferrocyanide 
containing ammonium sulphite, and hydrogen passed through thc^ 
mixture. It may also be obtained by double deVomposition of th^ 
sodium salt with amiuonium nitrate. It crystallises in small, colourless 
six-sided jirisms, which readily decompose both under water and on 
mere exposure h) air or in a vacuum. <. ^ 

Barium cuproferrocyanide,* BaFu 2 Fe(CN)« and calcium cuproferro- 
cyanide,' CaCu 2 Fe((’N)fl, an' obtained by boiling copper cyanide with 
the corresponding ferroeyanides. They crystallise in colourless, hexa- 
gonal prisms Vhieli cannot be distinguished from one another. 

Lithium cuproferrocyanide,*^ Li 2 Cu 2 F(‘(CN)c, is obtained by boiling 
cuprous cyanide with a solution of lithium ferrocyanide containing 
lithiutli sulphite, hydrogen gas being simultaneouMy bubbled through 
the soluthm. I\: crystallises in colourless, hexagomd prisms. 

Magnesium cuproferrocyanide, Mg(’u 2 Fe(CX) 6 , results ^ on boiling 
cuprous ^yani(l(‘ wi'Ji a solution of magnesium ferro(’yanidc. It crystal- 
lises in colourless, hex<.\gonal prisms which, however, arc unstable, 
turning t>»v)un on keejiing. 

.Potassium‘cuproferrocyai*.ide, iirepared ' by boiling 

cuprous eyaniUt^ with a sflution‘'of potassium ferrocyanide containing 
a little ])otassiUm sulphite ; or \y’ boiling cuprous chloride or potassinpi 
cuprous cyanide wKh pivtassium ferrocyanide solution. When rapidly 
c<»ole(l, the solution yields (.'^liourless cubes, but the crystals are liable to 
uud(frgo ifartial oxidation, turning yellow or brown in colour. 

^ S^ium cuproferrocyanidcr Na 2 CuaFc(CN)fi, results ^ on adding a 
cold, saturated Aolutiou of sodiuWi copptT cyanide to h hot solution of 
sodium forrt^c^vanide ; or W boiling a soljatVin of sodium ferrocyanide 
‘with cuprous cf anjdc ih the ]wc^cnce of a little sodium sulphite, and 
cdbling i-n an atmosphere of liydrogim. It crystallises in minute. 

•- colourless hexag^inal prisms, which arc conveniently dried over sulphuric 
add in vacuum. ' * ^ 

• It retains 27 5 per c(‘nl; of water. In air it slowly oxidises, turling 
brown. It is insoluWc in water, alcohol,»and etlier. 

' Strontium cuproferrocyanide, ,’5rC'U2FV(CN)g, is obtained^ in f 
siInilal;^lId^lnen.tu the barium salt, which it closely resembles, 

* Mes8nar^e»l«cA. anor^. Chetn,, 1895, 8, 308. ^ ^ * Mewneii^ t»9Cv 9, 1». 
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• • • * ■ * 

Cuprif^cfc^nidest MjtuFc(CN)g. 

Ammonium cupriferrocyanide*, (NH4)20uI>(C>J)g. is prepared ^ by 
boiling a mixtid sohiiioii qI cupric and aituy)!!!!!!!. ferrocyanides. It 
crystallises in brownish Pod cubes, and is belt dried *m a vacuum over 
sulphuric acid. TheifoUowing foun salts are pbtaiiftd in an analogous 
manner : — . • • • , 

Barium cuprife^ocysyiided*l 4 aCuFc(W) 6 . and calciym cupri/erro- 
cyanide,^ CaCuKe(CN)(i, yield small, browiu quadratic prisms. 

•Lithium cupriferroi^yanide,* Li^CuFefCT^jg, crystallises in recF jjiates 
or brownish red needles. * • • • ^ 

• Magnesium cupriferrocyanide,^ lIgCuFc(('N)g. sc‘})arates in violet- 
brown crystals, containmg to ii § j)er cent, of, water. 

Potassium cupriferrocyanide, results - fa i boiling 

cuprous cyahide \fith an excess of potassium ferricyaiydc solution 

2CtiCN+ tK3Fc(l’N)„--=*lv,iCul'V(CI?)„+2K4l-’o(CN),-f (CN)2, 

S-^id by digesting cui^rif<Troeyanic*ueid with potassium chloride solution.® 
It crystallises in brownish red*qua*dratie prisms. 

Potassium ferrous cupi^lferrocyanide, K3Fc3(u|l'c((\),j3.-l*nv 
bably this is the J)eautilul violet compound * obtained wlieii a solution 
of a cupric salt*mets on fernni^ potassium fen’oeyanide, tvoFcj FefCN)^]. 

Sodium cupriferrocyanide, Na.2(’uF^(('K)fi. is })rei)ared by boiling 
solutions of cu])ric salts and sodium ferrocyanide, and i)y boi]in<f cupric* 
fcrrocyanide with sialium ferrocyanide and. after liltering, •allowing the 
deal* .solution (o evajiorate in air.‘ It yields lustrous brown crystals, 
insoluble in cold water, but decomposed when boiled with water, dilute 
acids, or alkalies. • , 

Strontium.cupriferrocyanide, SrCuFe(( N)^ is obtained in arsimilar 
manner to the calcium salt, which it closely resembles. ' 

. • ' . .... 
When a copper sulphate .solufion is added ty (*xcess ])otassium ferro- 
cyanidc, a mixture of di-potassium cupric and di- potassium Jricupric 
ferrocyanides is produced, namely K2CuFc4CN)(, and K2tu3|Fe(('IM]gj2 
respectively. * * • • * 

^If cfiprous chloride is substituted by* cupric sulphate •then different 
cuproits potassium ferrocy( 3 ndes are obtaiiu d acyordiwg to (ireumstanccH, 
namely K2Cu'2[Fc(CN)e] ; KCu’Cir'gl Fc(C]S^0]2; and KCir'3|Fc(CN)(,Ji 
The last of these^is obtained, when cuprous cliloride is in ^eftt oxjipHS, 
*as a white precipitate. * • - 

Ferrous ferrofyanide (sec p. 227 ). • • • 

Lead fer]R)cyanide,^ oBt^iifcd by precipitii^on wifeh potassium 
feJTOcyanidc, always contains s(*inc d!' this*larter yilt® from whfch itf 
yannot be freed by washing. • ^ ^ * 

Lithium ferrocyanide •l/i4Fc(CN)g.9lI^O, yields deliquescent monc^ 
clinic crystals. , • • • • 

Magneaium ferrocyanide, Mg 2 Fe(t X)g4»Aq., may be prepared aa 

ZtiUch. c^rg. Cke^., 1895, 8, 38^. 

> Mefsoer. ibicL, \m, 9 . 126 . 

* Williams, Chm. Soc,. 1912, 28 . 317. 

• f IM&ilec aadjAsber, Jb Amer. Chcm> Soc.t 1900, 22 , 537. 
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pale yellow needles, in simila* ways to the calcium# salt. Tlirf amount 
of water is uncertain, being of the order of 10 12 ® molecules. 

Magnesium ammpnium ferrocyanlde, Mg(NH4)oFe(CN)6, is obtained® 
by mixing concentrated solutions of magnesiiyn chroridc and ammonium 
ferrocyanidc in eq\iivaIenApropcS*tions. The anhydrous salt separates 
out as small whit<j crystals wh^ch, remain uijialicred at* 120® C. A 
.saturated solution of the salt contains 248 gram« per litre. 
Magnesium^potassium ferrocyanide {seb p.^219). 

Manganese fercocyanide, Mn2Fe(CN)g, a white spbstance, which 
is turned greerf by chlorine Vatcr and f)xidised t<i brown ferricyanide 
by bromine water.'* • • « , * 

On boiling with eoneentrated. hydrochloric* acid, the acid saltf 
Mnll2Fe{CN)<,.5ll20,^is obtained.® • 

The (ti\ammoniate, Mn2Fe(CN')g.2NIl3, has been })repared.® 

Mercuric' ferrocyanide, IIg2Fe(CN)<j,^ is whito in appearance. 
Chlorine water turnspit green, pnd bromir^' watcT brown. ‘ 

• I I 

Double Salts with Mef curie Cyanide. 

A series of stable salts has been prepared ® containing mercuric 
cyanide associated with the ferrocyanulc molecule. The first to be 
discovered wa^ the potassium salt, K4Fe(CN)6.8Hg(CN)2.4H20, by 
Kane/o which is readily obtained by ajlowing a mixM solution of 
potassium ferrocyanide and isiercuric cyanide to * evaporate. Other 
'salts in this scries are those of 

Ammonium,® (NH4)4Fe(CN)<j.0lIg(CN)2.2H2O ; 

Caesium,® Cs4Fc(CN)fl.3lIg(CN)2 ; and 
Rubidium,® Ub4Fe(CN)e.8Hg(CN)2.4n20. 

NicTM^ ferrocyanide, Ni2Fc(CN)8.Aq.,*® is bluish groen in colour, 
stable towards chlorine waiter, but oxidised to brown fcrricyanide with 
brbmi^e»'Water.‘* «. ‘ . t, 

On boiling with coiiccntrated hydrochloric acid, the acid saltf 
NiHaFe(tN)6.8ll20, is obtained.® 

The follovAng amwouiatc^ have been prepared : namely, NigFclCN)-. 
5NH8.4H20,i**Uhd Ni2Fe(GN)e.7NH3.« 

Potassium •ferrocyanide, K4fe(CN)6.8H20, is the most important 
salt of ferrocyanic acid, and is known in coniiAerce* by the more fs^milfar 
iname of yellow pnissiate ^ potash,^^ It results when a solution of 

An/wlcw, 1830, 22 , 152 ; 1830 , 23 , 115. • 

* • CJokman, see Roactn? and Scliorlemmer, A Treatise on ChemiAry, vol. ii. (Macmillan * 
& Co.), 1907, p. 

* fUbinBon-^raiM. CAfWi. /Soc.. 1909, 95 , 1353. , * ® 

* * F. Werner, •ZeifocA. aflal Vhem.^ KUO, 5 &. 23. . 

* * WUliaiDB, Prodi OAlm. Soc., 1912, 28 , 317. . 

* Peterlj ZeitJcA. ariorg. Cl^em.^ 1912, 77 , 137. 

• ’ Kane, J. prakK Vhem.^ 1840, X 9 „ 4 () 6 . 

•* • WiUiamB, Proc. Ckem. Soc,, 1912,S8a 317 ; Stroinbolm, Zeitsck anodg. Chem,, 1913, 

208. ^ ^ ' 

* StrOmholm, Zeitsck. anorg. Chtm., 1914, 90 , ^70, 

Wyrouboff, Jahresber,, 1970, 29 , 311. • » 

»» ReVo«o, ibid,, 1850, p. 368 ; Gintl, 1868, p. 305. • • “ 

'• lAdt ha«* been studied by Bunsen, Pogg. Annabel^ 1835, 3 #, 404 ; Wyroubdflf,* 
Anik Cmtin, Phgs,, 1869, (4), 16 , 293 ; Dufet, Compt, real, 377 j Bxii^ 

4TWMM. OAeiMfoa, 1911, 9 ^ 1019, ‘ ^ ^ « V • ™ 
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poto^um ^anide is added in exl^ess to one of a ferrous salt, so that 
the precipitate firA foryied completely* redissolves* It may also be 
prep^ed by allomng iron to dissojve in an air-free solution of potassium 
cyanide ^ ^ • 

6KCN+Fe |•2H20==:K4[R(CN)/f2K0H^dI2, 

• * * • 

and by the action of jio^assium hydfoxide solution on ferrous oynnidr ; — 

8Fe^CN).,^ I 2Fc(OIl^. 

• The old eornnicreial method of prejAiritig the *sal^ lay in Jicating 
nitrogenous matcrii!!,* such as liorn, ww«l, feathers, blood, etc.,* with 
•potash and iron turnings.* The mass was ultimately Inated to fusion 
to complete the reaction, o^oled, and extracted with boiling water. 
The solution contained potassium foi^^eyanide, tlfiocyanate, ^carbonate, 
and sulphide. XJie first-named was crystallised out, but the yield was 
seldom ml)re tlian ‘20 per cent, of the (piantity thcoittically obtainable 
from the nitrog(‘n eijnknt of the organic materialVonsunied. 

The chemistry of tlu' reaetfons involved has been made the subject 
considerable study. ^ 

Another methocl ^ consistjf in passing the vapour of trimcthylamine 
into a retort at red heat.^^The resulting products are passed into 
^ sulphuric acid, whereby ammonium cyanidi; is converted into hydrogen 
Vyanide, whi(^>*s now absorbed in potash to yield the corrcy)ondmg 
cyanide. Ferrousi hydroxide?, prepared by addition of milk orlirnc to 
a .solution of ferrous chloride, is added lo the cyanide solution, and thv* 
liquid, after filtering, deposits a relatively })ure crop^of potassium 
feritDcyanidc. ^ 

Alkali thiocyanates may be made the starting-point for the pre- 
paration of ferroejianides. The potassium salt is mixed with twice 
the weight of iron filings necessary to forui ferrous fiulphidc, ,{in*d with 
double the quantity of ferrous hydroxide, in a freshly precipitated 
condition, to form fcrro«yanide. The niixtwre is maintained for sonae 
twelve hours under agitation jn a closed vessel lit 110° to t20" C. 
Potassium ferrocyanide is formed, together* with Prussian blue, and 
extracted from the residue with water.^ ^ • 

From 1885 to 1895 potassium fenrocyinidc was ir\iiqufactured*"cry 
largely from spent oxide of iron, used in purifying coal gas from hydrogen 
^Iphide. Coal gas,*as ii leaves the r^orts, contains h^rogen cyanide, 
formed by the action of ammonia on red-hot ^rbfln. Thus : — 

NHJd^C-HCN+ilg. ’ . ^ ’ 

^ The hydrogon cyanide yields amijportia again in contact wifh heatad 
water vapoiv : — • • ^ 

HCN*fH,0=^H3d,Ca • •. . 

• • 0 

•the ammonia uniting with the free acid to form amm^nym ^lyanide.* 
T^e relative proportfons of ammonia and*cyanid<i in coal gas thtts « 
vary with the conditions.* • • • « 

oxide of iron employed in gas ii\^rks is the hyd|;ated fensic 

1 See iyeb{|» Anjuden, 1841, 20 ; R^Hofifniann, 1860, 113 , 81 ; Ewan,ertioy» 

on “Cjnnidee,” Qietumary^ Applied Chemietry, Thorpe (I.<ongman 8 , 1912L 
„ » Waim, BuU. 80 c, child, 1884, 41 , 449.|!3 • . 
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compound. It absorbs the hydrog?n sulphide in tjie coal glas», yi^ding 
ferrous and ferric sulphides ; the ammdniunj cyanide, also present in 
the gas, reacts with thp iron comppunds, forming ferrocyanide and, 
ultimately, Prussian* blue. * The last-named was (frequently converted 
into calcium ferr<icyani(l(!^ by intimate adm^x^urc with lime, and dis- 
solved in coltf wa^er. PotassiiKn chloride solution ewas. next added, 
whereby ^le potassium calcium * ferrocyanide,^ K 2 (JaFe(CN)g, was 
•prccipitatcll, to be converted into pcjlia^k^ium ferrocyanide by boiling 
with potassium carbonate. . ^ • 

WeJ mcthq^ls *are now feirgcly employed for the' preparation , of 
potassium fen ocyanide. from /*oal gas, and, whi'ifX. several have been 
patented and found to work well, it will sUllice, for present purposes, 
to mention one method only. ‘ , 

* The crjide coal gufs is washed ifith ferrous sulphate solution, whereby 
the latter is converted into a suspension of ferrous sulpjiide iq ammonium 
sulphate solution! Tips reacts with the ammonium cyanide, yielding 
ferrous ferrocyanide,* amlnoniurn ferrous ferrocyanide, 

(NH 4 ) 2 Fe[Fe(CN)(j|, according to. eirbumstanccs. Potassium fem)- 
cyanidc may be obtained from these by treatment with lime, as ij^ 
the spent oxide process. Ry repeatedly «(lissolving in water and pre- 
cipitating with alcohol, the salt can be olKained in a very pure state.^ 
What appeared to lie two forms of the salt, designated as 
a and rcspi^vdively, were prepared by Rriggs.^ *mre former wa^ 
obtained from the pure commercial salt by dissolvivg it in water with 
per cent, of its weight of ^lotassium cyanide. After tw'cnty-four ' 
hours alcoho] was added, and a white crystalline precipitate of the 
a salt obtained. Upon recrystallisation, if the crystals were l»rge, 
they wore lemon-yellow in eoloiir, but otherwise* quite* white ; density 
at 20® C. 1*889. At 20® (\ 100 grams of saturate^! solution contained 
25*0 grj^ms of the* a trihydrated salt, K^l Fe(CN)g|.3lI.20. The salt 
was obtained b*y dissolving the pure commercial salt in waiter with 
\ per cent, of its weight<.of dilute ac(*tic ac,id (1 part acid, 10 ^arts 
water )f a^'iid allowii^ to stand in the aljsenee of air. After twenty-four 
« hours the addition of alcohol yielded a cream-coloured precipitate. 
Upon ^ea•^^staJlisation orange-coloured crystals were obtained, of more 
intense colour^ tjian the a s;flt ; pf slightly less density, namely 1*882 
at 20° C., and rather Ics^ .soluble in water, 100 grams of sa^rated 
solution at 20®’/^. containing 24 «3 grams of tl^e salt. • 

Solutions of the\x Sidt, upon prolonged standing, arc converted into 
the P variety, a process th#t is Imstened.by the addition of 1 per cent, 
of a<;ietic *aor.d. Cyanides, alkalies, ancj ammonia, induce the reverse 
t/ansforhfiation. • • 

Bennett,^ hftwever^ having ^prepayed ^these two “ isomerides ” 
^ccor^ng to, the directions given by Briggs, and measured their angles, 
concluded that ^hcttwo forms are idc^iticaV erystallographically. He 
drew attft^tio®i to the fact that the nlorc injense colour of the ^ sail? 

' might easily arise from slight (jpeomposition hiduced by its acid method 
of preparation ; in support of this, ‘it is signifk*ant that the most striHng 
dinerence .of colour occurs* in the ammonium salt, whiph is the most 
• • 

, ' Meoklenburg, ZeiUch. nn%rg. Chem.t 19|^, 67, 32l * / • 

• Briggs^Joc. cit. See also p. 204. . 

• Bevnet^ Trafts. Chem. Soc., 1917, iii, 490. See also^utti, JBcf., 1912, 45 , 1830; 
^auaer and Biesal^,*i 6 id., p. 3516 ; Wells, Amer, Ch§m, J., y913| 4 ^, 205. « • 
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uns^ble (rf all, its aqueiJus solution being decomposed on simply warn 
ing. the differences in^density and solubility are too slight to be ver 
definite evidence either way. Again, Kolthoft ^ found no difference i 
the physical propetties of solutions of a* ar*i 3 fcrrocyanidc, exceii 
their colour. ' • • t / • 

Briggs * .therefore reinvestigated 1 lie matter, and sliowed that th 
supposed isomcridc t)rj3 variety ednsists of mixed Crystals of polasspin 
ferrocyanide and aquopentaej^anofrrrite, K,| K(‘(CN) 3 H 20 ],*tlu; amoun 
of the latter being tooVni^jill to detect cjiialitatiye*analysis. Sine 
Uie jS salt is formed* wlien the a variety iv n peatedly reerj stallised fron 
water, it is eoncluckd that th(‘ eompoui^cls are, in acpieous solufioft, in i 
, state of equilibrium, thus^ - • 

H.O+K^ll-MCN),] ---Tia I’c(CN),.II.,OJ f KTN. 

% • 

It mu^t not be overlooked, however, that isomerisHi has beci 
definitely diseovTred ^ in the ease of tetrann^livl * ferroeyanide 
(CH 3 )^e(CN)g, aud^ 4 always possible tliat^ibormrides of inorganic 
salts of ferroeyanie acid may hv eajiahle of existence. 

Potassium hrroeyanide erystaflisis with three molecules of water 
*which are complC\eIy expelled’nt 110 C\, having the anhydrous sal 
in the form of a white powder. Crystals of jiotassinni ferrocyanide 
in common with the f(‘w*other hydrated eryslals which have hcei 
’ examined, ar^'ji^ rmeahle to wate r vapour. This has he^^n deinenistrated 
by ceme'nting ery^stals with wax intei the necks of small tlasks ee^ntainiiq 

• phosphorus pentoxide, and ne)tingany Ulteratieni in we ight aft eT exposure 
to moist air. An increase was observed, which was sleiw hut steaefj 
an^l continuous. It is not suggested that the crystals* are: j)e)rous i» 
the ordinary ineehunie*al se-nse* in which, fe>r exanqile, nnglazcd earthen 
ware is porems. Bather is it believed that the layers of the erysfa 
inside the tlask give up their moisture te» the* dry^air in eontiK't witl 
the phosplftirus lunteixiele ; the'se* ele hyelrated layers tal^e^lip w'atei 
from the next layers, ajid se) on, until tlu jayers are re*aelu‘d in direct 
coiftact with the moist air. The net result is thus^hat the \M*it^‘r pftsSc! 
through the crystal from the wet te) the dry .atmosphere. 

The crystals of jiotassium fe rreieyanide are te)ngh*aiu] ^dillieult tc 
powder. They^ are noii-poisonous, hut j^^'t as an aperk nt. When th( 
dry ^nhydrems salt is healed te) incipient liision in a®vaeiium no gas v 
evolved, potassium cyanide and fe'rje)us potassium fofroeyanidc heinjt 
produced : — ® * 

2K4Fe(CN)^=I'VK2Fc{C]V)e:i-6KCN. . 

At red heat the* latter salt is further decompose d, evolving#re*e cyqwejgen 

• Thus ; • * * 

. * FeK,F(‘^CNS =2FJ+2KCNH,2C,N/‘ 

.This is a convenient method #f prefjiarin^f peAassium*cy5nide, mthoifgli 
• wasteful in so far as the nitrogen is concerned, in thflt onoj^iird of*thi& 
element is lost as cyanetgen. • ^ ^ , 

. The solubility of pot^assium feirc^J^anide in water has Iwen dotcr- 

k • 

^ 1 Kolthoff, Chef%. Weekhlad, 1919, i6, IWi. 

2 Brigtfa, TrSns. Chem, 8or., 1920, ijtf, 1026. 

» HaSey, ibid., 1913, 103 , 1106. 

* * Baktd and Adlam, ibid., 1011, 99. 507. , , 

‘ and Jemont, Oomjd. reiU., 1885, lOOf 108. 
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mined by a number of investigators, Wt the r^sults^do not 
The only reliable %ures appear to be thpse of Briggs,* quoted 
above; of Harkins and ^carce,® nannely, that at 25^ C. 100 grams of 
water dissolve 24*79({*grams of K4Fe(CN)g ; and of Crrube,f that one litre 
of saturated solution at ‘25*.C. contains 819 *4 ^rjms of K4Fe(CN)j.8ll2^' 
The solubility i?j iney^ascd by the presence of sodiupi forrocyanide-. 

.Tin* density of poUissinni ferroeyfinide soluti(^\ at C,, saturated 
and in contact with crystals of the salt, i^s^l 1191.'* and at 25° C. 1 -09081.® 
The contractiohfi i^esulting when given volumfs efi potassium fcrrocyanide 
solutions are m^eef with cqu%l volumes of water have been measurad 
by Waefe.’ * . < • ' c 

Soliitioni* of potassium fcrrocyanide are "gradually decomposed by, 
light, ferric hydroxide being prceipitatcyl.® Addition of an alkali 
' sulphide to a frcsli sokition of the«A'rrocyanide effects the gradual preci- 
pitation of* ferrous sulphide in sunlight® but not in^the dark. The 
reason aj)j)ears to be follows : — " 

1 . Potassium ferrt)cyanide ‘dissociates •“ normally in solution into 
potassium and fcrrocyauogen ions ' 

K4Fe(CN)e— 4K- ^Fc^CN)^"". • * 

2. Under the influence of light the fvrrocyanogcn ion dissociates 
thus ; — 

. Fc(CN)6'"^---Fe"-f CCN'. 

g t 

This reaction is revt-rsible, prod^'eding from right to left in the dark, 
kt is these iron ions which are ju’ceipitatcd as ferrous sul[)hide, in the 
presence "of an alkali sulphide, or as ferric hydroxide in neutral^ or 
alkaline solution by the action of atmospheric oxygen. 

Upon prolonged ('xi)osure to light, a solution of potassium ferro- 
cyanidc deposits Pmssktn blue (see p. 225), whilst ofi continued boiling 
ammoninpfis evolve'd. With ferrous salts it yields an immediate white 
precipitate^ of ferrous 'potassium ferrocyanide, K2Fe[Fe(CN)e], which 
raadily absorbs oxygen, be^'oming blue. The jWesence of dilute hytlro- 
chloric br sulphuric aci(l,^or the emplo;^mcnt of excess of the ferrous 
• salt, accelerates the formation of the blue colour, and the reaction is 
exceedingly delicate. _ 

With ferric SfiKs Prussia^ Imie (iTee p. 225) is obtained, *but the reaction 
is a timc-rcaetipn, and is retardij^l by the })rescnce both of acidk an|J 
salts. In very diliit4^ solution no colour may be produced, or only an 
indefinite green after scvl-ra| hours, although the blue colour may be 

' Mjallace? T^ans. Ckem. Soc., 1855, 7, 80 ; E^rd, Ann. CW>in. Phys.^ 1894, [7], 2, 
526; Annakn, 1800, 113, 350; •Michel and Krafft, Ann. Clhm. Phys.y 1868, [3], 

4Xf478. . • 4 f 

• Briggs, loc. cU, * • ♦ « 

• Harikins ancitoarco, J. A^fer.phem. /Sfpr., 1910, ^8, 2714. 

Grube, 1914. l^ker^from Seidell, SolubiliU et {Qroshy Lockwood, 1920). • 

' Sonstacl^j *9oc., 1906, 89, 343. * 

• Harkins and Fc^^ce, loc. ck. , • . 

* ** Wade,,TfatM. Cnem. Soc., 1899, 7$^ 854 

^ Matusohek, Ohem. Zeit., 1901, 25, 565. " ' ^ 

See Bertkeioi, Ann, Chim. 1900, (7), 21, 204. He does not mention that Qght 
is necessary to effect this desomposition. * , • 

W Haber, Zeitsch, JSlekirochetAt, 1905, 10, 84J; Foster, Trans. Chem. S 0 C 4 190t, Sjh 912. 

C^trast-Jones and Bassett, Amer. Chem. J., 1905. 34, 2W. t 

»« Vorilndfef, Berr, 1913. 46, 181. 

J* Vorl&nder, loc, eit* 
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proiucW*by the addition of concenti^ted solutions of many salt§ to 
the dilute solutions of the r&gents. ftobably the explanation lies in 
the precipitation by the salts of iPrussian Jblu£, which is first formed in 
colo.urless colloidal form.^ , 

Carbon dioxide d^omposes potassiuqn lerrooyaryde solution at 
72° to 74° •€., •libei’ating hydrogen ^j^anide aud#prec*ipitating ferrous 
potassium feria:)cyanicV.^ Continued passagC of carbon diojeide through 
a boiling solution of polassitun J’crrocyayide results ip the precipitatioh 
of ferric hydi;o:>flde aim Uic formation of potassiuifi carbonate and 
hydroffen cyanide,* or its decomposition products^ ammonia and 
formaldehyde^ ^ ... 

» When potassium ferrocyanide i^* heated with concentrated sulphuric 
acid, carbon monoxide is e%’olved. This reaction has been known for^ 
many years,* but it was not until 19(V) that the rdiiction wa^ thoroughly 
investigated.® • • 

Concentrated sulphuric acid dissolves dry anhydrous potassium 
ferrocyanide, yieldmj; potassium hydrogen sulpliate and hydrogen 
ferrocyanide : — • 

K 4 l^c(CN)o + 4 H 2 SO 4 ==4KI1S04 Ml 4 Fe(( N)e. 

• 

This solution is decomposed on warming, carbon monoxide^ being 
evolved, altlic^ij^h even at 200 ° C. the rale of evolution is slow. 

If a little waicr is present, carbon monoxide* is readily fcltmed on 
warming, the best result being attahu'd with acid of eone(‘nti atio^n 
corresponding to H 2 SO 4 . 2 ll. 2 O, when dry anhydrous potassium ferro- 
eyynide is employed ; the reaction is tlu'U complete at f80° C. : --® 

iO'c(C:N).| -t 8 (H.S(),. 211,0) 

• =4KHSO, I FeSO, i 3(N11,),SQ, I OC'0 + 10II,0. 

• ♦ I • . 

This is a very convenient method of preparing pure carbon monoxide. 

•When heated with dilute sulphuric acid fiydrog^n eyanidcdis^voiv^, 
and Everitt’s salt remains belrtnd : — ’ 

2K4[Fe(CN)e]+3H2S04-8K2S04-fK2Fe-'[Fc‘-(CH)e]+l5HCN 
• • ^ (Kvcritt’s • 

its Aqueous solution ugon saturation with chlorine darkens in colour, 
and upon concentration yields potassium fcrrk;yan We, ft 3 [Fe' ■(CN)^] : — 

2 lj 4 [Fe*(CN)e]d-a 2 ^ 2 KCl+ 2 K 3 fFe-(CN)^].. 

Potassium ferrocyanide is similarly oxidised by notassium bromftte 
in acid solution ; thus * . * * • ^ 

•. 6K,Fe(CN),+KBr03*+6HCl=6k3Fe(CN)t+HBr^ 6Ka+8H,0/ 

• 

I Kato, Mem, Col Sci. Enf. Kyoto, 1908. i, 852. 

^ * Auteniieth, ArcK Pha/rmA 1893, 231, 

^ liatuaohek, CKem. Zeii., 1901, 25, 8J6. See alio Auteniieth, Cheni.^eii., 1898, aja, 
866 ; Kune Aideiiung zur Auffinduugder Oifte, 1892, p. 2 ; Ojgli, Chem. Zeit., 1898, aui, 775. 

• Do^r^er, S<mtoeigg€r*8 1820, 107 ; Fowi/b, Phil. Mag., 1844, (3), 24, 2^. 

• Adie and J^wning, TraiM. Chem. 1900, 77, 160. 

• Adi© and Owning, wc. cit. • 

7 Bvifilt. m 6. 97. 
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the reaction being quantitative undef certain Vell-deflned cenditijns.* 
It probably takes place in threS; stages, namely : — 

(1) 2KBr03^12HCl=2Kr:i+Brj+5Cle+6H,0. • 

(2) 2K.Fe(C'N%+Br,=2KBr+2K3Fe(CfJ)., • 

(.S)* 1 0K.Fe(CI^),+ SQs == lOKCl + lUKjFeiCN) j. 

‘ t • • * * ■ . 

» With potassium permanganate oxidation to* fcrricyJtnide proceeds 
quantitatively qi«aeid solution, the rc^tdfon ^fordiqg a useful volu- 
metric method of estimating ijprroeyanidcs ff carried out under certain 
well-defftied conflitions.^ ^ ^ , * 

Mixed solutions of potassiuhi ferroeyanide and /^-nitroso dimethyl 
aniline are at first yellow in colour, -but become green very rapidly, on* 

I exposure to light, due^ perhaps, t<%the production of colloidal Prussian 
blue under l^ie influence of a catalyst generated by the nitroso compound.® 

Solutions *of pgtassium ferroeyanide are catalytiefilly decomposed 
when boiled with eupi^ifls chlorvie in the pi^.'senec of hydrochloric acid.^ 
The action appears to consist in the alternate ^formation of cuprous 
cyanide and regeneration of eujiron^ ehloride, hydrogen cyanide being 
evolved, lly collecting the evolved^ &ei^l in alkaK, and afterwards^ 
titrating excess of‘ the latter, tin* amouqt of ferroeyanide originally 
present may be conveniently estimated. • 

If a few dropi^of potassium ferroeyanide .solution arc* added to dilute , 
hydrogen peroxide (1 per cent.), and kept* in the dark, ‘decomposition 
of the latter is exceedingly slow. On placing in difeet sunlight for a 
Itjw mon^ents, however, brisk (‘volution ot‘ oxygen takes place and 
continues, ev(^\ alter removal from the light. The effect is not due to 
rise of temperature, but, presumably, to some catalyst generated imtler 
the inlluence of the light.® 

Pottissiuin ferroeyanide finds application in comftu'rce in the manu- 
facture of Prussian blu(‘, and also for case-hardening of sted.® 

Double ^alts . — When c((ual jiarts of potassium ferroeyanide and 
afhition^um chlorid(‘*ar(‘ dissolved in water at *101)^ C. and allowed to 
cool, pale yellow hexagpnal (Tystals ‘are obtained of composition 
‘ Il40- suit, (NH,)3KFe(CN),.2NH4Cl, 

has also been obtained.' ^ 

Potassium aluminium ^p^rocyd^nide, KAlFe(CN)g.4H20.— Consider- 
able difficulty attends the preparation of this salt,® which forms U jcllj 
on mixing e(pii\^ilcn^ solutions of aluminium ‘chloride and potasSium 
feurocyanidc. • By centriTug^\ting ,at 3000 revolutions per minute it 
may be isolated as a precipitate, washed Vith acetone and ether, and 
dried fn ¥«ruo. The salt is darjj; green, find transpifreit when in bulk, 
bih when t>owd<ired is light bluii.h green. At 100°* C. it becomes 
anhydrous and ^assumes U deep blue coloifr. • • 

Potassium* Barium fe^rofyanidc, Ka3aVe(CN)6.3ll20, results as a 

. j de Koninok and Joassart, Bull. Soc. chim. Belg., IOI 4 .V 8 , 144. . 

I Soe E.tMiill^r and Dicfenthiilur, anorg. Ch(m., 1910, 67 , 418 ; Mecklenburg, 

< 6 W., 1910, 67 , 322. , • ^ 

•• Oallenkaxip, Chem. Zeit., 1916, 40 , 235. 

* WilliamB, J. Soc. ChemPinf, 1912, 31 , 468. « , 

• ‘ Kistaakowsky, ZeiUteh. phymkal. Chem., 1|K)0, 35 , 431. 

• See this rolume. Part III. 

’ Etaiti ana B4iffon^,* Comj)*. r&nd., 1885, xoo, 108. 

* • Robinson, Trans. Chtm. Soc., 1009, 95 , 1363. 

4 , 
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crystaHine deposit on Aixing diRite solutions of potassium ferrocyanide 
and barium chlonde.* * • • 

Pota^lum calcium feirocya^de, K2CaFe(j?N)6, is obtained by mixing 
cold concentrated* solutions of p6tassiura f rfoeyanidc and calcium 
chloride in molcoiilar proportions. ^The n?’eei})itt4e is washed in cold 
water and dried in air^or at 100° C.# 

■One part of dissolves In 241 parts of water at 15° to 17° C.* 

Potassium cerium ferreqpnide, KCeFe(t’N)6. is obtained as a white 
crj^stalline prec#pitate\)n jnixni^ cold concentrated ’soiutions of cerium 
/‘hloride aiurpotafssiuni ferrocyanide.^ # The salt biK^er^oes change 
when heated to 1^01)° (’. *• . * * 

Potassium magnesiuifi ferrocyanide, K2]MgFe(('N is obtained in the 
afthydrons condition by mining cold euneentrated solutions of potassium 
feiToeyanide and magnesium ehlnff^le.^ Aftei^a sliort time a whit^ 
nncro-ery;italli?^e pn^eipitate is formed, whieh is not affegtAl by heating 
to 120°«t\ When moist the salt soon beeomys er^nm-eoloured, owing 
to slight deeom])o^iyon, [tossd)ly under the ufituenee of atmospluric 
carbon difjxidc. • 

^ A saturated aqueous solutiqn of the salt contains 1 05 grams ])er litre. 
Th(‘ heptahij^ak. 2Kj,MgF(4((’N),^.7ll2(), is prejxired by mixing 
dilute solutions of potassnnn ferroeyanide and nuigiusium chloride at 
tile boiling-pinnt. * 

Potassiuiij tiiercuric ferroeyanide, K2llgFe(( N),;,* may be obtained 
as a faintly blu^* powder Ry th(^ interaction of mereurie elilbride and 
potassium ierroeyanide solutions.^ *11 is insoluble in water, but^is 
doeoniposed by acids. • 

• Potassium ammonium barium ferroeyanide,* K2PaFe(CN)t. 

; potassium ammonium cadmium ferro- 
cyanide, K..('dFe(^'\)^. (1F( ((’X)«.2ll ,0 ; potassium ammonium 

calcium ferroeyanide, K.2CaF(‘(C’N),j.4(Ml4).,F<'ilie(C'N)t5.2H./) ; and ‘ 
potassium bmmonium magnesium ferroeyanide, 

MgF( ((!X)(,.l()II^() i byve been pn pared. ^ 

Silver ferroeyanide, Ag4Fy(C'X)6, is obtained ^s a white* jiteeipifiile 
by double decomposition of a sd\er salt wttli potassi^im ferroeyaiiide^ 
With nitric acid it yields orange-nd silver ferrieyanide.*^ 

Sodium ferroeyanide, Na4Fe(C'5i’)6.1 •!]./), mayjie })repared»in an 
anaJ^)gous manner to the potassium salt.’* It may also be jirepared by 
• boUmg Prussian yue ^vith aqueou'* solutions of soiitum carbonate or 
hydroxide. •, • 

Its solubilitv in wati'r i.'^as follows ^ • • 

• 

Temperature, V'.* , . * 20 *;K) 42 00* *80* 08-5 

Grams Xa 4 Fe(t:N)(, per 100 • •• * 

. grams • ’iT-O 23-5 3t) 2 42*5 59^ 68 0 

I • • • • • ^ • • 

• Bunsen, Pogg. Annalen, 18.35, 56, 404. Wyrouboff gives tf niolecRJ<t8 of coitfbined 

rater (ylnn. Chim. f*hys., 21, 279). • 

« Brown, Trans. C'bem. Hoc., 1907, 91. 182i.* 
i. ® Robinson, ibid., 1909, 95? 1353. * 

Femekes, J. Amer. Chem. Soc., 1906, 28, 87. 

• Dains, j 6 jU, 1907, 20, 121. • 

• Se# VaVnta. diem. Zeit., P910, 40, ^8. , 

> ? It was studied by Bunsen {Pogg. Annalm, 1835, 36, 413) and Pcbali^nnafen, 1^6, 
*33. t65)- * \ • • • 

• Cov«y, J. 8oc.<}]^n. Ind.^ 1898, 17, 104. 
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At 25° C., 20'725 grams of NaifefCNjg dfssolve in of 

water, ^ the density of the soliftion being® 1 0595. It yields beautiful 
monoclinic crystals, pale, yellow in cploiir. Alcohol precipitates the 
nmahydrak, Na4Fe(CN)fl.9ll2t), from the aqueous sdution of the salt. 

Sodium cerium lerrocya^de, IjaCeFe(CN)g, obtained ^ on mixing 
cold eonccntratc(l solptions of cerium chloride and sodium fQrrocyanide. 
No description of the salt i§ given. ■ * V ^ • 

• Strontium ferrocyanide, Sr2lV(CN)g.^H20, is obtained as a soluble 
salt by neutralfsihg hydrogen ferroeyanidi '<fith the hydroxide or 
carbonai^ of st^ntlum. Tlia salt crystallises in ‘monbclinic prisms 
contaiiiing 14 molecules of wat4‘i;,^ of which seven hfe lost on exposure 
to air and a •further six when kept over concbiitrated sulphuric aoid. * 

A study of the osmotic pressures and electric conductivities® of 
*^solutions of strontiunr ferrocyankit in water leads to the conclusion * 
that the negative radicles arc associated to doub^p ion^, namely 
[Fe(CN)e]/""". • . ■ ' 

Thallium ferrocyaftide, Tl4hV(CN)g.2H2f) has# been })rcparcdi® It 
is formed as yellow crystals by adding d hot concentrated solution of 
thallous sulphate to one of potassium, ierroeyanid(j^ and allowing to^, 
cool.® It is sparingly soluble in cold water but more readily in hot ’ 
and in potassium ferrocyanide solution. If dilute solutions of thallous 
sulphate and potassium ftTrocyanide are mixed and alcohol added, a com- 
plex potassium thallium ferrocyanide, K4Fe(CN)Q.K3Ti^'c(C'N)Q.6H20, 
is obtained.® * 

, Zinc ferrocyanide, Zn2Fe(CNy^.(8 or 4)Il20 ® is a white })owdcr. 

The foilowing ammoniaieft liave been prepared, namelv Zn,Fc(CN)a. 
6NII3.2H2O i® and Zii2Fc(CN)e.7Nll3.» 

Zinc ^tassium ferrocyanide, Zn3K2lFe(CN)Ql2, is obtained- as an 
insoluble precipitate on adding an excess of ])otaj^sium ferrocyanide 
to a zin*c !|alt in a(p>oous solution.'^ 

By adding sulphuric acid to a portion of the clear solution and 
estimating the excess of potassium ferrocyanide by titration with 
* permanjittiiiate, the fncthod may be nujde a conN cnicnt one for the 
♦estimation of ziuc.^® 

1*1 

^ Kerricyariides. 

Hydrogen f^rri^anide, Ferricyanic acid, H3[Fc(CN)0j, muy be 
obtained as crysb^illiqe brown needles by the aetioi/of dilute sulpliurib 
acijl upon Ic^^d ferncyah'ide and subsequent concentration of the 

^ I 

^ HA.'kias and Pe^tree, J. Arntr. Chem. Soc., 1916, 38, 2714. » t 

■ Robinfon, Trans. CJtevi. 6’oc., 1909, -95, 1353. 

• Coleman, quoted by Hoscoe and Sohorloranier, A Trmiise on'* Chemistry, vol. iL 
(MacmlU^ & Co.), i007, p. 1232 ; Berkeley, Hartley, imd Stephenaon, Phu, Trans^, 1909, 
A,e09, Sfw. Bettvjf 4 nnakn, IfSO, Z2, 148), and ^yyroubqCE (Ann. Chim. Phys., 1869, (4), 
16. ^7 } 1870, (4), 21,^274^, gave 16HjO. ^ 

Berkeley r }Jar\)ey, and Stephenson, loc. at. ‘ 

. b Kuhlmann, Comyt rend., 1862, 55. 607 ; Lamy and 'Desoloiseaux, ibid., 1868, 66, 
1146; Robiuson, Trans. C?itm. ,Soc., 1909f9|„ 1353. 

• T. Pitcher and Benzian, Chem. ^tit,, 1902, 26, 49. ' 

See Crookwa, CAem. ^em, 1861, 3, 303. • Fischer and Benzian, loc. ctf. 

• Sohendeler, Jfog. PAor^i'., j5, 71 ; W3rrouboff, . c 

‘ Tissier, CompL rend., 1857, 45, 232. r 

Peters, fki^k. anora. Chem., 1912, 77, 137. 

“ MilleJ and Falk^, Amer. Chem. Soc., 1904, 26, 952. 

A* Meniioe. Ann. Chim. anal, 1913* 18, <142. ' ^ 
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dec§Jited^liitionj Thfe producf not pure^ however. ^ A pure add 
is believed to result on dertimpositioif with hydrochloric acid, silver 
ferricyanide, prepared by the potion of silyer nitrate on potassium 
ferricyanide.^ • * * 

Ammonium ferricyanide, 2(NH4^[Fe(CN)6].H2P, may be prepared 
in a dmilav manner the potassiiun salf {vide jnfra). It yields red 
hionoclinic p];isms* \Phich readify dissolve in water. The solution 
hydrolyses upon standing, is more sensitive to the action of lighpt 
in this respect than is ftic potassium salt.^ * • 

, Barium felricyanide, JJa3[Fe((’N)6]2^0H2O, is proyared neutral- 
ising ferricyamc •<*id with barium j:*#rbou;ite afief evajK)rat1ng to 
, crystallisation in vacuo} • It also results on boiling a soluti(^n of barium 
fefrocyanide with lead digxide.^* It yields reddish brown crystals. 
These are soluble in water without tiecomjwsitioii. The salt is dccom** 
posed on jvarmyig with acids. The compound Ba3[Fe(C'lf)e]i.2BaBr8., 
20H2O, has been obtained.® • 

Barium potassiiyn ferrityanide, BaKFc(CN^(ji4ll20, first isolated by 
Bette,® wiio regarded it as if triljydrate, is conveniently prepared by 
^addition of the requisite quanjity of potassium sulphate to a solution 
of barium ferrieymiifle and alhnuing the filtered liquid to evaporate.’ 

Barium sodium ferricyaiiide, BaNaFe(CN)fi.. *31120, and Barium am- 
monium ferricyanide, Ba>ril4.Fe(CN)8.4ll20, liavc also been jircparcd. 

Bismuth/^iYicyanide,— Tliis salt is ])reeipitated from bismuth salts 
by solutions of^ potassiunf ferrieyanidi*. It is st raw-eoloitred and 
insoluble in eoncentrated nitric acid.* 

Calcium ferricyanide, C a., I Fe(CN)fl]2(?)12H20, may be obtained ® 6y 
o^iidising aqueous ealeium ferroeyanide with ealeium* j)lumbate and 
earhyj;y dioxide under pressure, at the ordinary temperature. The 
solid salt is separated by evaporation under reduced pressure. " The 
salt may also be obtained by oxidation of calcium ferrocyanWc with ' 
chlorine And by neutralising ferricyauie acid with daleiu^ji Carbonate. 
It yields needlo-sliaped,erystals, which are stable in dry air. 

XSalcium potassidm ferriejranide, CaK.Fe(CN)^.3H20, crys(»lliles* in i 
deep red plates, and is more stable than the simple' ealeium salt. ^ 

Calcium ammonium ferricyanide,|CaN H 4 .Fe(CN )g.8li20, .aid Calcium 
sodium ferricypnide, CaNa.Fe(CN)g,5H2€), have als() lUcn obtaiqpd. 

Qobalt ferricyanide, Co3[Fe(CN)6]2, is a ^d preeipitati* resulting when 
•potassium ferricyaiiitle and cobalt ^Ipliatc solution!i*iire mixed. The 
ammoniates Co3[Fc(CN)8],.iNIl3.6H20 Co3[Fc(CN)ej2.«NIl8 
have been prepared. . • * • 

Copper ferjicyjmide, Cu3LFe(CN)g]2, is a greenish bri^wfl pregipitate 
obtained on mtxing solutions of copper sulphate and potassium ferri- 
cyanidc.'® Tlie precipitate tgis a ccSistant eornpositiifrf, no matter wnat 
relative prdjxirtions of the <two salts are qscc^ 

' Joannis, CompL rend., 1882, 94,^49 

* flaoher and Zeit., 1901, 25 , 321. • , 

• Eder, Monaleh., 1885, 6 , 495. • • Jahrem^r., 1873,4). 330, 

Hammelsbcrg, J. prakt. Chem., 1889, ( 2 ), 39 , 4.55. 

‘ Bette, Ann. Pharm., 1837, 23 , 124. ’ FibcIut and Midler, loc, ciU 

■ Looke »nd Edward 8 .*i 4 me;^ Ckem. J., 1899, 21 , 193- • 

’ Kuasneii Chem. Zeit., 1893, 17 , 171% • 

Bette, loc.^iL ^ Braun, Annalen, 1863,4^5, 164. 

Petera, Zeitsch. anorg. Chem., 1912, 77» 137. * * * * • 

i* B. Mftller, WegAiglaud KeUerbol, J. prakt. Chem., 1912, 85, 



222 


IKUIN AUMf XJ.O UVJJBLJ. 

If ammoniacal cupric hydroxide is added to^p^aMium ferficy^de 
the pent-ammoniaie, Cu3[Fe(CN)8]2.5NH3, !s obtained as black, stable 
crystals.^ The salt Cuj[F(j(CN)3]2.16Nll3 has also been obtained.^ 

Lead ferricyanide, Tb 3 rFc(CN) 3 ] 2 . 16 H 20 , is otttained, by double 
decomposition of lead nitrate wit^ potassium' ferricyanide. It yields 
dark reddish brown crystals. f • . . 

Lead ferricyanide nitrate, Pb3[Fe(CN)3]2.Pb(Np3f2.12ll20, and Lead 
potassium feiricyanide, PbK||Fej;CN)3].3j4o, have been described." 

Magnesium ferricyanide, Mg 3 |Fe(CN)g] 2 .I 0 rf 2 O, is ♦prepared in an 
analogou^^ manncj to* the barium salt, and dried over sulphuric acid# 
The aqbeous, solution decompo*?^* when warmed.^ * • • 

Magnesium ammonium ferricyanide, MgNTl4.Fe(CN)c.4ll20. 

Magnesium potassium ferricyanide, MgK.Fc(CN)e.4ll20, andMag- 
ftesium sodium ferricyanide, Mgl?IaFe(CN) 6 .Cll 20 , have also been 
obtained. * * , . 

Mercuric ferricyanide^ Hg 3 [Fc(CN)Q| 2 , may be obtained by adding a 
concentrated aqueous sftlution of*|)otassium ferricyniMdc to a solution of 
mercuric chloride in alcohol and ether.' The precipitate is bright 
yellow in colour, and fairly stable when dry.^ ^ , 

Mercurous ferricyanide, Hg 3 [Fe(CN) 3 ], ds obtained as aflocculent 
cream-coloured precipitate on the additio^i^ of mercurous nitrate to 
potassium ferricyanide solution.^ It turns blue on exposure to air. 

Potassium ferricyanide, K 3 [Fe(CN) 3 ], known eomn1(;rcially as mi 
pru6'siate*of potash, was discovered by Gmelin in 1822# and is obtained 
by the chlorination of potassium ^ferroeyanide : — ^ 

• 2K4LFc(CN)3j-hCl2^-^2K3[Fe((:N)oH2KCh 

and subsequent re-crystallisation, whereby the more soluble pot^^ssium 
chloride remains in solution. It yields dark red iponoelinic prisms 

* of density 1*8, whi«h dissolve in water to a yellow solution.’^ The 

solubility is ts follows : ' 

•Tomper^ture, X. ^ . K i 10 15^ . 37 8 100 i 

♦ Grain? K 3 [Fe(CN)*j in 

' 100 grams II 2 O .'33 0 30 0 39-7 58-8 77 0 

^ BWluri, ZdtscJi, c^iorg. Chevu^ I5fl3, 81# 400. , 

* Peters, ihid.y 1012, 77, 137. ' ^ 

• Schuler, Siizuugrber, Akad, Wiss. irifw, 1870, 79, 3U2 ; Hammelsborg, J. praki. 

Chern,, 1889, (2), 39, 4,11), ^ ,. # # 

* i^Bohor and AJuller, (Vio/i. 1901, 25, 321 ; Botte, Ann. Pharm., 1837, 23, 124. 

**Ferneko8, J, Amer. Cheni. ^V.,\90<1, 28, 002. * 

® Thi^ reaction, has been studied by Gdlet, Bull. Sw. chhn. Belg.f 191^, 26, 236. 

’ A »iipp«6ed isoihcrido named ]X)taiiium (i ferricyanide, K3[F«f”(CN),l.H,0, woe 
desCHbed as obtained^ Locke and Edwarda, Amer. Chem. J,, 1899, 21, 103, 413) from the 
<1 salt by treatment wtn small tjuautitios of mineral O-dds. »> It is formed on^roncentration 
aa olive-oojburcd ory^alg, which rfadil^ dissolve in watef. It reacts similarly to the a salt, 
yi«l<Sng oharaoteristic precipitates with solutions of Xalis oftthe heavy metals, although in 
some <00808 the H ferricyonides thus obtained are appreciably different from the more 
common a salts. Tlfe ^idenoe, kowever, is far from concluftive. With reference to the 
oonsutution q{ this salt see 1. Belluoci aiidfSabatini, AUi ft. Accad. Lined, 1911, (5), 20, 
i. 174 239 ; QazzeUa, 1920, 50, i. 23 ; PiutU, ier., 1912, 45, <1830 ; Wells, Amer. Chem. 

■ 1013^ 49, 205. Ilauser and Biesalskl {Ber., 1012, 45, 3516) suggest that the j? salt 
endinary one containing some Prussian blue as impuritja Since ^he foregoing yas written, 
Briggs (Tmns. Chem. Soc., 1920, 7«i7, 1026) has^hown, hWever, that the pi^lt •eonsiatf 
of mixed orystalii of potassium ferricyanide and aquopontaoyanoferrate, K|^rF^CN)|.H|0] 
(Seep. 236 .) 'f . < 

♦ Wallaoe, Trans. Chdn. Soc., 1855, 7, 80. 
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%e«ibii[>ve dataware ohly apptdirimately correct, and further research 
on tne subject would bp welcome. Ac^rding to Grube,^ one litre of 
saturated solution at 25° C. con^ins 885-5 gijanis of K 3 Fe(CN)e. The 
solution on exposure to light y*ields a blue jwCCipitate, ferrocyanide 
remaining in' solution. It is reduced by lodmm .amalgam to ferro- 
cyanide, and hydrogen peroxide has tjie sanfe effee^ : — * 

4Ki,[Fc-'(GN),]1-‘^IA=3K,tFc"(CN)J+H,,[Fc"{CN;U]-(-20,. 
When oxidised, (id-pota.%ium jf(fferricyai^iih\ K 2 Fe(CN)^, is stated to be 
produced,^ but the. salt is 'probably a pe}itaci/aiu)J'^rrate,K 2 ¥e"{C'S)y^ 
With solutions ,of J[«rrous salts potassium ferrieyawidb yieldif deep 
blue precipitate, originally ealh‘d TurnhulVs blur, but now^*belicved to 
'beidentical with Prussian blue.^ • 

In neutral solution pota?.siuin feirieyanide undergot-s hydrolysis to« 
a small extent, ferric hydroxide being* preeipitatetV Thus 

. * KaF*(CN)o } 81IOIU F( (011)3 t »K( \ I.31ICN. 

The hydrolysis is at-c^lerated^ by light*“ llydrcTly sis also appears’ to 
take place to a slight extent according to tin- equation 
• K 3 F 5 (CN)a } -/'KoFe(CN),II.,0 -| KCN, 

aquo pcnta-cyanoferrate resuHing. The solution is n-duced by hydrogen 
sulphide, slowly at the ordinary temperature, but rapidly on warming. 
Thus :—“#,• • 

6K3Fo(C^')e^.3ltJS=4l<,F^•(^•^'), ^ KA.F((CN),4 (ilR'N-l 8S. 

Potassium ferrieyanide is reduced in alkaline solution. to ferrd- 
cyanide in other words, the salt under these conditi<^ns is able to 
fun ction as an oxidiser, thus : — 

2K3FcCCN)e4^2K01I^ >2K4Fe(( N)o-Ml20H 0. 

The reaction velocity has been studied at 90° C%, with ifitcresting 
results. The velocity at first decreases slightly, then increases rapidly 
to If maximum, after^itfaining which it faj)^ again ^ The roa^oij for the 
increased velocity lies in the* autocatalytie. action of the potassium 
ferrocyanide produced during the reaction. • * 

Below (j()° C. and in the dark, the ijkaline solutifwi of^potnssium 
ferrocyanide is Stable.*® * ^ • * 

Ab aqueous solution of potassium^ferricyauide is readily reduced by 
nydfochloric acid iitto ferrocyanide. Thus • • 

2n3Fe(CN)e^2lia^^2lI,f^c(CN)eH~a ' 

the reaction prc<je^ding to completion ^f the chlorine if remo\iedts, for 
example, by addition of reduced silver. Ferric chlorifjo acts similarljf — 

• • • • * • 

^ Grube, 1910. Taken from Sddell, rtf. , ^ ? 

. 8 Stadeler, Annalen, 1809, f. • * , • • • 

* Cambi, OazzeUa, 1911, 41 , i. is?.* • 

* Hofmann, Heine, and HOchtlen, Annalfn, 1904, 3374 1. Also p!'*221. 

« See Foster, Trans. Chem. ^oc., 1906, 89 , O^O; Matuseh.-k, Ch%i. Zeit., ipOJ, 25 , fll,* 
6^2, 566. • • • 

*^*See Eder. Monatsh., 1885, 6 , 495. 

^ Briggs, cit. • • 

■ Veu^to^ AiU R. Accad. Lt*ncei, nm (6), 15 , i. 37/ , 

* Gnibe, Zeit^ anorg^Chtm., 1914, 84 , 190 ; Prudhomme, BvU.’Hoc, c\im., 1903, (3), 

29 ,- 1010; Predenhagen, aTkwg. GAem., 1902, 29 , 396. ^ • 

KaafMr, Arch. 189^ 234 , 830. * 
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not because it dissociates on solution ihto ferrotts chloride and ehlerine, 
but because it undergoes hydfolysis, the liberated ’hydrochloric acid 
acting as indicated above.^ " 

Hydrobromic acid,* ferric ‘bromide,* and the chlcrides and tromides 
of zinc and alumi/iium all react in an analogous, mariner.^ With 
^tassium iodidfe in the prAence pf a zinc saltHhe re^tion is qi^anti- 
tative, and may be us8d in tfie volumetric estimation of ferricyanides : — ® 

,2K3Fe(CN)e+^KI— lJ5i4^'e(CJ^)e+I?. 

Pojtaesium fer^cyanide is Veduced to ferrocyapide by an alkaline 
solution of fcrrous sulpha<:e. ' c- 

Potassiuiti ferricyanide is quantitatively reduced by an alkaline * 
^ solution of hydrazine sulphate, the reaction proceeding as follows ; — 

^K3Fe(CN)e+4K0H=4K4Fc(CN)e-f2H20-l-02, 

' ]SfiH4-H02=N2+2H,0. 

By effecting the reduction in a nitrometer and measuring the nitrogen 
evolved, the amount of hydrazine of potassium ferricyanide originally 
present can readily be calculated/*^ . 

Hydroxylamine similarly reduces the salt, yielding nitrous oxide 
and nitrogen.^ Thus : — * 

,, 4NH,.0H-} 02=2N2+6nj0, 

6 NH 2 . oil + O 2 + 2 NH 3 + 6 Hfi\ 

IV 

Indigo is readily bleached by the salt. 

When distilled with potassium cyanide, potassium ferrocyanide, 
hydrogen cyanide, and ammonium carbonate are produced : — ^ 

2K'jFe(CN),+2KCN+2HjO=2K4l''c(CN)e+HCk+NH3+CO,. 

Continued passage of carbon dioxide through a boiling solution of 
pOtassiiqin •ferricyanide resuits in the precipitation of ferric hydroxide 
and the formation of })otaiisium carbonave and hydrogen cyanide or its 
’decomposition products, ammonia and formic acid.® 

Sodium ferricyanide, 2 N(? 3 [Fe(CN)g].HaO, may be obtained in a 
simil^ mamier to'- the precoding salt. It yields deliquescent rubv-red 
prisfns, soluble ir water. 

Strontium fdirriq^anidp, Sr3[lFe(CN)e]2.14H20," obtained in® an 
analogous ma?iner to the l^rium salt, crystallises in reddish brown 
prisms.® 

Sti^ntium potassium ferricyanide, S1^KFe(CN)e"8H20 ; Strontium 
sodium ferricyanide* SrNaFe(CN)8.s)H20; and Strontium ammonium 
fetricysudde, SrNH4Fe(C!>5)3,8ll20; have hl§o‘heen prepared. 

<^amum f&ftkyanide^ dots not^appcniv tor.have been obtained, but 

‘ [ Qillet, (Aim. BelffC, 1912, a 6 , 23d. For the ftiTdon of bromine cm potaariam 

ierrloyaoide.Hee Reynolds, Trans. Chem. )S6c.» 1888, 767. 

* Mecklenburg, Zeits<A. anarff. Chem., 1910, 67 , 3^. 'Kie kinetics of this reaction haige 

been studied b}cDonnan and le Rossi^ol, Trans. Chem. S(k., 1903, 83 , 703 ; Just, 
phyeilnL CAetn., 1908, 63 , 5r. o ■ . 

( * BAy and 1^, Zeit^ anorfi Chem., 1012^76, 380. 

« Bloxam, Ohem. Vews, 1883, 48 , 73. 

* MaturohU; Chem. Zeii., 1901, 25 , 816. 

* IMker and P. MdUer, Chem. ZeU., 1901, 25 , 821. , 
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vai:ious ^<mble potassium thallium salts have been isolated. When 
potassium rerricyaiiide and t^llous sulpliate solutions are mixed and 
allowed to crystallise, red^icedlesof K 2 Tl[Fe(CN)g] are obtained. These 


^ decomposed by ppre water. ^ . 

Zinc ferricyanlde, Znj[Fc(CN)g]2, is j)r«K‘ipitatcii as an insoluble 
orange-coloured salt ontidding potasjfium fvricyuniflc to a solution of 
a.zinc*salt. * * t • • * , • 

The ammoniaie, Zn3fFc(CN)g]2.12NIl3, has been isolated.^ , 

• •• •• / 


Ifon Derivatives of Ferro- (uul Ferri-cyanides. 

Some of these dcfivativcs, such as Pryisian blue, are of considerable 
^mmercial importance on* account of their characteristic deej) colour. 
As ^ general nile, the deri^tives which an* devoid of colour contain 
iron in one stage of oxidation only*»\vitInn the nnoleeule, whilst the 
coloured eomponyds possess divalent and trivalent atoms ej’iron resp(*c- 
tively. It would apjiear, therefore, that the (jolouf is in some way 
eonneekd with the profcencef)f similar atoms in nftirc than om‘ stage of 
oxidation. Thus, ferrous jiotltssmjn ferrocyanidc, Fe Tv2[Fe‘ (C'N)<,], 
\s white, the iron atoms in the.jiositive and negative radicles respec- 
lively being divaVnt. U[)*)n oxidation, howe\'(T, Prussian blue, 
Fe-KIF e"(CN) 6 ) is obtaiiKsI*, the iron atom of th(‘ negative radicle 
remaining divalent, whilst the positive iron ion is trixalent. 

* An ana logRy*? case is afforded by thi' deej) indigo (t)lour of sul|)hur 

sesqui-oxide, S.2();|i which c(fntains suljihur atoms in two decree's of 
valency,'^ whereas sulpliur dioxide and frioxide are both eolourless. , 
Ferrous hydrogen ferrocyanide, Il2FelFe(C'N)8j, Results when 
hydrogen ferrocyanidc solution is heated to t'.^ with exclu- 

sion^^i^ir. It readily oxidises to ferric hydrogen ferrocyanide, 
Fe ‘TI[Fe‘‘(f ^ whicli is a blue conijiound, insoluble in water, 

oxalic acid, and ammonium oxalate solutions. • ^ ^ * 

Ferrous ^tassium ferrocyanide, FeK2|Fe(('N)e], is obttiined as a 
whitj^ precipitate when potassium ferrocymudt* reacts witli an cquy 
molccular quantity of a ferrous ;>alt ^ • * » 


I 


FcC 1, + KJF.'((:N),] --F,-K,[Fe(C’N’)„J f 2K«1. 

It readily absorbs oxygen, yielding Prussiipi blue. • 

Everitt’s salt*also has the formula FoK,(Fo(CN)er and is isomeric 
'v^th rtic previous salt. It is obtained when dilute suljthurie acid and 
potassium ferrocyanidc af’e heated together • 

2K4[Fe(CN)e] -f ,3ll2S0^-3K2S04-| K8Fe[Fc(CN)e] -|^6HCN. ' 

It is a pale y(41pw crystalliiK.* powder which, upon oxidatym ♦with 
hydrogen peroxide, yields Williamsoti^s violet (see p. 22J), • 

The Prusiian Blue8.-*Se\<ral of these dre knowy, namc% : a 
soluble Prussian blue, 4^Y'*'I<JFe ’(,(’N)eJf7lI|0. Tlys* ^‘onipotfiid is 
obtained when a solution oi potassium ferrocyafiidc; interacts wijth 
rather less than one equivalent of a ferric sali:.* It pc«u>fi? as a de^ 

* T. Fischer and Benzian, Ch^. 190^ 'K>\ 49. • • * 

^ters, Zeitsck anorg. Che.m., 1912, 77 , 137. • , 

* Sle this series. Volume VII. * 

* Beemann'aod Carius, rinno/sw, a860, 113 , 39 ; Etaid and B4mont, Cornpt. r«nd., 

1884, 99 , 1^24 ;*Rofmann, Amoldi, and Hieidlnaaier, 1907, 352 , 64. • 

* < Everitt, Phil* Mag., 1836, (3), 6 , 97. . .S 

* See Vobchin, J, Phys. Ckem. 80c., 1^8, 40 , 480. 

VOL. iFTlI. * 
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blue precipitate, which when washed with -alcohol and ^rj^d yields 
a beautiful blue powder exhibiting a bronze cast by reflected Tight. 
It is soluble in pure water, but is precipitated on the addition of salts. 
Aqueous solutions of ox^alie acid disSolv^e it, whilst alkalies decompose 
it, precipitating ferric hydroxide.' A similar blue-colouted precipitate, 
known as Turnbiill’s bluet (the Soluble variety), is formed when rather 
less than one equifalentj, of a ferrous salt interacts with potassium 
ferricyanidfe. According to Skraup*^ and Hofmann,* the two pre- 
cipitates are ic^entical, but tids is denictf by Mvfller.'' 

jS soluble Prussian blue is produced when molecular proportions of a 
ferrous* salt and potassium ferroeyanidc arc brought together in neutral 
solution a^id oxidised with hydrogen peroxide. It is rapidly decom- 
posed by ammonia, but is not soluble in oxalic acid solution.^ Tt is 
isomeric with the y variety, and the forbiula Pe ■■K[Fe(CN)g].H 20 is 
attributcck.to it. ** 

y soluble*' Prussian blue is obtained when molccuhfr proportions of a 
ferrous salt and potai^sium ferrocyanidi^ .are brought together, in cold, 
acid solution and oxidised with nitr»vc acid or hydrogen peroxide. 
Hofmann regards it as consisting of two molecules of +Aq. 

and suggests the asymmetrical formula ! f 

Fc 

Fc(CN), >Fe(('N),.K,fAq. 
t Fe , 

c c 

Isomeric with this salt is ? Williamson’s violet or Williamson’s 
'blue, Kf’c'”[Fc(CN)(j] -i II 2 O, obtained by sus])ending P>critt’s salt in 
one per cent, sulphuric acid and adding nitric acid or hydrj^gen 
peroxide. A ferric salt may b(‘ used as oxidising agent.® 
pound is insolul)l(‘ in water, but forms a suspension wliich appears dark 
purple by redeete/l light, but greenish blue by transmitted light. It 
is insoliibje in oxalic acid and is not decomposed by dilute mineral 
acids or by digestion with ferric chloride, buj; 4 jier cent, ammonium 
hydro^ick* convert?* it aftelssome hours into ferric hydroxide and tllkali 
ferroeyanidc.® llofmami and Resenscheck suggest the symmetrical 
constitutionarforinula : — 

• 

KKo(('Sl). \k,-(CN),K + H,0. 

c 

the water alSo being constit^itional in sonjic w'ay. 

AJ'hciF f(Tric ammonium alum and potassium f^rriqyanidc are acted 
qpon wfth hydrogen peroxide in the presence of free Viydrochloric acid,^ 
a blue substAivce, Fe7(CN),.,.10l?2l^' ij^ ol^tained, having properties 
similar to W[l^amson’s‘ violet, but less stable towards dilifte ammonium 
Hydroxide.^ c * * * ^ 

‘ Insoluble Prussian blue, Fe ‘ Aq., is obtained when 

^ ^ f . 

* ^ Guighet, Compi. rend., IS89, io8,‘ F78» 

* Skraup, Annalen, 1877, 186,^ 371. • 

* Hafmaan, Heine, and Hochtlen, loc, ciU ; Hofmann, J. pralU. Chem., 1909, 6?, 160. 

* E. Muller and Stanisih, J. praht. Chem,, 190tf, (5\', 79, 61. ‘ 

* K. A. Hofmann and He^aoheck, AnmUen, 1906, 340, 267, * 

* Meastv^. Zeitach, anorg. Chem., 1895, *9, 126. ^ 

* HdSfmann and Resensoheok, loc. ciC 
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potassium ferrocyanide i« treated Vith an excess of a ferric salt, the 
ratio,* ih the cafee df ferpe chloride,^ FdC'l 3 /K 4 Fc(CN)(„ boin^ #?renter 
than 1-83. The same product is obtained when a soluble J^russian 
blue is acted ujK)n b^^ a f<Tric sail, and is Istaf rd no be identieal with 
insoluble TurribuU’s blue^^ which is the salt* obtained by addition of 
excess. ferro'us sajt to pdtassiuni ferrifyanidf' and wasldn^r in full ex 
posure to air’; but tills denied by Muller,^’ #vh<) *iv( s it the formula 
KFc-Fc-3[Fe(CN)j3. * . , 

The substance js insdUible in water aird in dilute nbaeral acids, but 
dissolves in oxahe acid, yiiddinj' a blue solytion at out time lar^ijy used 
for ink. When (iriejT the salt contains mpleeuh^ of winter, atid if 
heated strongly in air it bums, leaving a residue of fen ie oxiiU. Alkalies 
Seciimpose it, precipitating^ ferric* hydroxide, soluble ferrocyanides 
passing into solution , 

Fe4{Fe(C^)e]34-l2Na011 - 4Fe(()II)3-i 3NaJ|;'e(C'N)*], 

• 

whilst Itot eoncentrati‘(^ hydr%ehlorie aeitl (‘ffects its solution, hydrogen 
ferrocyanide eventually separating^ out. Heated with concentrated 
{yilphurie acid, the ayanogen gr(n>|) is decomposed, the nitrogen yielding 
ammonium sulphafc. Whcif fusVd Avilh a mixturi' of ammonium 
nitrate and sulphate, sulphat^‘*of iron is })rodueed. 

^ Comvierciai Prcparaliou and Uses of Prussian ///?/c. — Prussian blue 
w'as disco verei iiecideiitally in 17tH by Diesbach.'* andV highly.valued 
as a pigment on ateount of its r(‘markjy)le int( Jisity of colour. It was 
manufactured in Great Britain in 1770. and sold at ‘J gniiuas per lb.* 
One pound of I’lussian blue will perecptibly tingi* soim* 000 lbs. of 
whik' lead. The ])igmcnt is sometimes prepaid! commercially by the 
diref*-i.n«thod of adding a ferric salt to a solution of ])otassium ferro- 
cyanidc ; but it is more usual to adopt an indinct method, nanydy to 
add a forrous^salt to potassium ferrocyanide and subsPcjuently k) oxidise 
the white [irecipitaled mass of ferrous potassium ferrocyanide^** Chemi- 
cally, it consists of a variable mixture of ^me or all of thc^Priissia* 
blues already describecl, • ^ * • 

Ferrous ferrocyanide, FC 2 I Fc(CN)6], is farmed whtn an aqiu'ous 
solution of hydrogen ferrocyanide is heated until hyiji’ogen'* cyanide 
ceases to be evolved. • • • • 

Feiaric ammonium ferrocyanide, FcNrt 4 |Fe(CN)BL results when 
pfttas#ium ferrocyanide k heated wifli a solution oMiydroxylamine 
hydrochloride. It is a deep blue insoluble •powefer.’ tjie hydrated 
salt FeNH 4 [Fe(CN)e].Il 20 is Jenown as Mhiihiers' blve,^ Ini^ung been 
obtained by Monthier as the icsult of oxidising the wiiitt jirpcijfitate 
"•thrown down by.fhc action of potassiym'fcrroeyanide uopn ammoniacal 
ferrous chlorj^le solution. . It •may also be Itfeparea ,by dissolving 
iron wire in a solution coi^talnipg aipmoruM, twmnonii^n ^*hlorid2, arvd 

• • 

^ HMer and Stanisch, J, pmkt. Chem., 1(K)9, (2), 80 , 158. 

■ Hofmann, Heine, *and H<>chtlen, loc. cit , • 

• E. MfiUer and Stanisoh, J. prakt. C/tem.^^QOd, ( 2 ), 79 ,^ 1 . 

^ 5PPP» Oeschichte der Chemie, 1 84:1- 47, 4 , 369. • , • 

• i^r details of the various proct^ises the reader is nderrid to A Treatise on Oohur 
Uanutaetuf^, bJjLZerr and RifbenkJinp, translated by C. M^yergChaa. Grifiin & Co.), 10O8« 

, • E. Muller and TreadwelK J. prakt. Chem., 1909, (2), 80 , 

’ Hofmann anif Amoldi, Ver.^ 1906, 39 , 22 (j^ 

i Montbiiys, J. Pharm.f^lS4Q, (g), 9 , 262. 
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potassium fcrrocyanide, and oxidMng the green precipitqft^ thereby 
obtained, with hydrogen percSxide.* • , * ‘ * 

A compound of the s^me formula is obtained by oxidation in neutral 
solution of the compound* obtained by reducing Prussian’ blue with 
hydrogen sulphid^\ ‘ ‘ * 

The corres[)ondi ng poftissiui^ salt, FeK[F0(CN)g]^H2O, has already 
been described under tihe name of Williamsot^s violeC This when 
f-*. treated wfth excess of chlorine yields a green hydratea mass known as 
Prussian green. * Its eoniposition corresponds’to the formula Fc(CN)3, 
but its constitution is probably represented by (Fc[Fe(CN)3])«, i.e. 
ferrfb ferrjcyaiudb.*-^ , ^ *',> » 

r * ^ 

PKNTACYANIDK DkIOVATIVKS OF IllON. * 

One ofj^he (lyanogcn groups of noth ferro- and f(‘rri-cyanidcs is capable 
of being rejdaeed by other radicles, such as CO, SO^, NO, NO2, H2O, 
Nila, ASO2, etc., thereby yielding pentaeyanide derivatives of the types 
M,[Fe-(CN),H] alld^^Ix- dFe-*-(CN)5R], respecth-ly,^ the valtle for x 
varying according to the m^gativc radicle introduced. 

Nitrosn Pcnla-Ctjano-fen'aies ot Nifroso PenUi-ferricyanides^ 
‘M2lFc(CN)5NQl. 

Hydrogen njtroso ferricyanide or nitroprussic acid, Ho[Fe(CN)6NOJ, 
is obtained by dectunposition of the silver salt with hydrochloric acid or 
by the action of dilute sulphuBc acid upon the barium salt. It is also 
formed ^when nitric oxide is bubbled through an acidified solution of 
potassium fefroeyanide.'* The reaction proceeds in two stages, namely, 
(a) oxidation to tlu; ferricyanide, and {b) substitution of the cyanfbgen 
radicle by NO ' 

‘ JI,[Fe(CN)«l f-NO-^ir2[Fe(CN),NO]H-HCN. 

Concentration in vacuo yields dark-red needles, which readily 
dehqiu'sce.. Its inpst iinp^jtant »:alt is ‘ , o 

i^ium nitroprussiefe/* Na2|Fe(CN)5N0l2H20, which is usually 
obtained by decomposing the ])otassium salt with sodium carbonate. 
Potassium caibonate is ex(^eedingly soluble in water, so that sodium 
nitfopnissidc is leadily ol^^amcd In pure form by crystallisation. 

It may be vonveniently prepared by heating potassium ferrocyanide 
with 50 per cefd. v'itrieaeid sofution on a watcr^bath until a dlop*^of 
the solution giv('s no eohnii^ with ferrous sulphate. The whole is cooled, 
the liquid poured from the precipitate, ' neutralised with Sodium car- 
bonate, caiufti^ken to dryness.^ Extraction with Wak<^, filtration from^ 
Gie insoluble inm compounds, au(k crystallisation from <:he clear aqueous 
solut^pn yicldsi'the salt th ruby -coloured,* rhombic prisms. •The reactions 
involved maj'*b% represented as followc ; — 

‘ 2K,IJe(rr)),+8HN03=2K,Fe(CN),+2KN03+H,0+HN0,. '» 

2K3Fc(CN)e f-8KfNO,=2K,fFe(CN)3NO]+2KCN+H,0+HNO,. 

' K,[Fl{CN)jN 0 ]+Ntt,C 03 =l 5 :a*{Fe(CN).N 0 ]+K,C 03 . 

‘ Hofmann, Amoldi, aud Hiendlraaier, AnnaUi% 1W7, 352, 64. ^ 

* Mesener, Zeitfch. anovg. Ohem., 1806, 9^^136. • ^ , 

* Por the nomenolature of these substances see Hdimanr. AnnaU^. 1903, 3x2, 1. 

* Playfair, Phil Mbg., 1850, (3), 36, 197, 271, 348. 

* Playftdr, AwHaUn, 1862, 74, 317 ; Ky^ ibid.t ^ ^ 
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AnotKei^ method / consists in dissolving 84 5 grams of sodium nitiate 
in 150 grams pf water at ^0® C., and mixin’g with 216 grams of sodium 
hydrogen sulphite and a solution of 82 grants oi potassium ferricyanidc 
in 250 grams of water* also at 70° C. The nii^tuic'is boiled until evolu- 
tion of gas ceases artd th^’cooled liquid mixed with 5i grams of sodium 
hydrogen sulphite. deep red^li(|ijid deposits^erystals of sodium 

nitroprusside. • • * • 

When potassium ferripyamtV js warmqd with a solution oT blcaehingi* 
powder to 70° ,C,*a coiiSidorable evolution of gas takc^ place, and a 
reddish deposit of fc^^-ie oxide and ealeiiiin carbonate i^ forme(l. The 
filtered solution* is •concentrated and •the ]K)tassium ni^’opru^side 
extr^jicted with alcohol, and converted into the insoliibh' copper salt by 
addition of cupric chloride. • This latter is (heoiuposed with sodium 
hydroxide, yielding tlie sodium salt, t*hi(‘Ii may Ir* further oiirilied by 
dissolving in a little w'ater, addition of alcohol, and subse(ju^in evapora- 
tion after* filtering off any insoluble material.^ ^'i'hA^ron.slifuiiou to be 
assigned to sodium Rikropntsside in jmrtieular, lind lu iua* to nitro- 
prussides in general, has been a. subject of debate. Urowning’s * 
ISprmula is # 

• e. • (’ : N 

• N : (V 



Fe 


N ; 0 
(’ : NNa 
N : ! 

' C : NNa. 


whilst Friend * suggests 


CN CN 

/ 1 \ - 

NaCN I X’N CN. CNNa 

I F./'l i I 

N&CS I NO ON j (’NNa 

• \l / I / 

(;N CN 


in harmony with his shell theory of complA salts.* Fnan a foiibihed 
study of the electric conductivity in dilute m|ueoiis sojiition and the 
depression of the freezing-point in water, it has been eoncludec^that the 
salt under these conditions yields tluRfol lowing ions ^ 

^ • Na', Na', and FefCNlrfcO". 

The suggestion is therefore made that thv salk is more correctly 
represented by the single fornjula, Na 2 lFc(W)^’OJ, than by the double 
formula * given ^bo^e. In order to harmonise tlie double (^y(4ic formula 
♦ with this, it is rflerely necessary to assume that the flouble mc)|ativc 
radicle [Fe(CN)jNO] 2 "" itself^ dissociates intp two Fi^(CN) 5 NO" iods 
in solution. * * • * • ^ 

. This assumption has Its ^lArallef in tfic case ^of •tnjJhcnylrtiethyl, 
•C(CjH 6 ) 3 , which in soluyon lias the simple fornitila, fiut is regarded' as 
associated in the solid windition to hexaphvnyl etiiaXc^ {^8H6)aCr~ 

- • * 

^ * Pmdhomme, Cotnpt. reyid., 1890, ni, 45. 

* JeiuiCti, J. Pharm^ n, 315. 

, • AroWliW, Trana. Chem, Soc., 190#, 77, 1238. 

‘ Friend, ibid.» 19i(f, 109, 721. 

* Biutows and Turner, 1919, 1 15 *1429. , ' • 

* ISchitMhibaba^CBer., \j90Bf 771 ; Piccard, Annalen, 1911, 3J1, 347. 
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Further, a study of the deljydration of the solid podium silt*suj^rts 
the suggestion that the salt has the double formula ^ [Na 2 Fe(CN) 5 NOl 2 . 
^HgO, for its complete dehydration is a matter of some difficulty, the 
last molecule of water clanging tenaciously to the salt.. If the single 
formula, Na 2 Fq(CN) 5 N 0 . 2 H 20 , assumed, it js necessary to postulate 
the existence of half a molecule of water. » , ' 

Propertm . — An aquecAis solution of sodiurq nltroprusside deposits 
'Prussian blue on exjiosure to light. In Ahc'prcsfpice of alkali sulphides — 
as, for example* ammonium sulphide — it yields a bpautiful purple 
colour, fWhieh if very charact<vristic, and so sensitive that the presence 
of O^OOOOqiS grain of hydrogen sulphide in 0 004 c.e. can easily be 
detected.® ^Ammonium hydroxide does not hinder the colour forma^on,« ■ 
but caustic alkalies destroy it. It gradually fades on standing, in con- 
sequence of oxidation of the snlj^liide to sulphite. The composition of 
the purple'svbstancc is uncertain, but Hofmann^ suggests the formula 
Na 3 [Fc(CN) 6(0 : N.SN^l,)], since, liy the action of thio-urea, CS(NH 2 ) 2 , 
upon sodium nitroprussidc, he obtained the complex dcHvative 
Na3[Fc(CN)5(0 : N.SCNII.NH 2 )], a ‘ carmine - red powder, closely 
similar to th(‘. substance under discussion.'* , , 

Hydrochloric acid decomposes ' sodium nitrbprussidc, yielding 
hydrogen cyanide and ferric chloride. Tb/; ferric chloride then reacts 
with excess of the nitro})russidc to form ferric nitroprussidc.® ^ 

Concentrated sulphuric acid decomposes the salt, but? the reactions 
involved are very complex.^ In part 'they appear to proceed as 
follows : — 

2Na2Fe(CN)6NOH 7ll2wS04+5ll20=2lI(N0)S04-fNaIIS04 ^ 

+NHJISO. + FeSQ. „ 

4-2(NH4)2S04 

+5C04Na3Fc(CN)6. 

The peiitacyanidc derivative unites with the carbon monoxide to 
jyetcl sodmm carbonyl fei^roeyanidc, Na 3 [Fd(C^J) 5 .CO|, which again 
interacts '"with the * ferrous Milphatc yield the ferrous derivative, 
Fc 3 [Fe{CN) 5 COl 2 , charaeferised by its violet colour (sei* p. 282). 

NeutJial pojassium permanganate is without action on the salt. 
Sodium amalgam ’ reduces ^t to*'sodium ferrocyanidt and ammonia. 
Thus ^ ‘ • ' 

12 Na,[Fe(CW) 5 .i>fO] -t- lONa -^5411 

, V=: l()Na 4 F e(CN) 8 -f 1 2N Hg -f F CgOg -f OHjO. 

RfducthoK iy neutral solution with zinc-copper cftuple causes the 
CYolutiod of nitrogen. In at*id. solution (dilute sulphuric) sodium ** 
amalgam causes Vhe forpiation of Prussian blue. 

SosKum hydroxide splutjon converts the salt into the nitrito de- 
rivative, Na4[Fe\CN)6.N02]10H2(J (sc^ *p. ^284), whilst ammonium 

c • • 

, Guare8chi,'"'4h» JccW.'^c*. Torinb, 1915, 50, 881| * 

Beiohc.rd, Zeitsch. anal. Chem., i9<W?43. 222. 

• Hofmann, Atmalen, 19 (K), 312, 1. * ♦ 

^ * Pereirii, ,usiivg potassium sulphide in metanol, obtained a violet, hygrosco^tf pre- 
oipitat^e, really oximsed in air, to which he gave %ha formlift NajFe(CN)j.K4S,.2H*0 
(,4nal. pw»m., \916, I3.?27,^9). ^ • • 

• Bhadu];i^ Zeitsch. anorg. Chem.^ 1913, 84, 95. • 

• Peroirik, MiwiJ. Fis^Quim., 1915, 13, ^66. Compare also Bhadori, he. cit, 

^ Bhaduri, he. cit. ' ^ * 
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hydroxide 'yields, %t 0° t., the ammoniate Naj[Fe(CN) 5 .NIl 8 ], and at 
the ordinary temperature Na 8 l[NH 4 )[Fe{CN) 5 .NH 3 ] (see p. 234). 

When .heated to 440° C. in a yaciuim, sodium nitroprusside decom- 
poses, evolving nit^i^ oxide and cyanogen.^ ^ * 

Sodium nitropfussi(J(**is a eonveiyent reagint nsc in preparing 
nitroprussides of the heavy mctaJs, such lA eo])p^T and nickel, which, 
yield insoluble, nitrApyissides, an^ may thm'cfore be estimated volu- 
mctrieally in this mani^T by yt^'^dion, losing sodium sulplude as indU 
cator.2 In this fonneefioiw it is well to note that solutions of sodium 
mtroprusside may pnstTved for months unalteVed^if stored in the 
dark in a bottle'of i^)n-alkaline glass, ^•traeckof snlphurie acid gd'eatly 
.•enhances the stability of Ihe solution against the effect ofjight and of 
alkali from glass.^ Light ni^hdly induces decomju)sition.^ 

The (li-ammomaU\ Na 2 Fe(('N)-.N#i. 2 NIl.j. hasJ)C('n pre pared.® < 
AiTimosium nitroprusside, (NII,).,|F( (LN)r,N01. obtaiijifl by decom- 
posing the barium salt with ammonium suIphat^N crystallises in nnhlish 
plates,* which arc rcudily soM)le in watTr.'’ • 

Barium nitroprusside, Ba|T\ (tJS')r,N()]3lL(), is pre})ar(‘(l ))y ))recipi- 
^tating a solution ^f the sodium salt wilh zim* sulphate and boiling the 
zinc salt thus obtained wnth a suspension oi“ precipilaled barium 
carbonate. The lilt<Te(l so^iftion of the barium salt is e\'a])orated under 
^ reduced pressure, and the salt crystal1is(‘d from alcohol.® 

Cobalt n#ti^))russide, C'o|Fc((’N),r,N()|, obtained by double decom- 
position of a soluJ)l(‘ cobalt salt wilh sodium nilro])russid<‘, is a*r(‘d sfdt. 
possessing an u])pr( ciable solubility in^water. It dissolves in acids, but 
is insoluble in j^otassium h>dro\ide or ammonia solution. This latter 
property cnablc's it to Ix' s<‘])arated from the corresjuMiding nick('l srdt. 
wh»5^- jw'adily dissolves in ammonia.’ 

Nickel nitroprusside, NilFc(('N) 5 N(> |. obtaumd in a similar manner to 
the preceding salt,® is dark green when anhydrous# lait U])on (^))osure 
to moist air becomes ashen grey. It is ins(du])le in*aeids| ()\it readily 
dis|olvcs in ammonia tot«i brownish yellow li(juid. Potassium hydroxide 
tufns it lemon-yellow. ^ ^ • *•** 

Potassium nitroprusside, K 2 |Fe((’N) 5 N(>|, may be^obtained by the, 
interaction of a ferrous salt with the nitrite and cyanide of potash : ® 

5KCN I 2P(S04 fKNO., 4n.,()» .* 

. • =iylMCN4,i«0] t i44()n), I 2K,so,, 

or 6y the action of potilssium nitrile on ferijeyai^des’ut 100'’ 

A convenient method consists in deecg^ipilsing the lawiinn salt with 
the Calculated amount of potassium sulphate, and, aftcr*tilteriug off 
^ the insoluble barium sulpliafc, cva^xijating at low t«7if)cratur# under 
reduced pressure. The residue is* purified by reer^y^itallisation fmm 
95 per cent.^lcohol, wheit it separates as palcjTink, anhydrous cy^stals.^* 

* ‘ Etard and B6mont, Compi. remi*, 1884, 99, 072, 1024. « * * * 

• » Zuccari, Avn. Chirn. AjnMcat^, WH, 2, 287 ; 191.^3, 277 ; Boll (Jhim. /’arm., *1914, 

53^ 321. . ^ • Zuccar^ lo% ^ ^ 

< Eder, ilfcwa^A,, 188.5, 6, 49r>. , . • 

• ® Peters, Zeit^ch anorg. 1912, 77, 137. 

^Burrows and Turner, Trans. Vhem. *Vw;., 1919, 115, 1429. , • 

’ Zuocar); Ann. Chim.%Appli^t$, 1915, 3, 277 ; Csxv^ih, 9(Jazzeila, 1897, 27, li 05. 

• Caf alii, ^loc. cit. ; Zuccari,^. cil. # “ ‘ 

• St&deler, Annalm, 1169, 151, 1. 

Prudhomme, Compt. rend., 1890, lli, 49. 

“ Bttftftws and Tifrgir, loc.^ 
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Carbonyl Penta-Cyanofemies or Carbonyl Penta-ferrocyamdeSj 
M,[Fe(CN),CO]. * 

Addition of ferric 'chloride to certain liquors produced jn the manu- 
facture of Prussian ^luc in a Frcnc^ factory the methylainine method 
^(sce p. 213) resufted in the pVecipitathm of a violet compound.^- Several 
hundred ^^ratns of this were isolated % Muller, warmed \yith potassium 
e»irboiuite afid hydroxide successively, i},!}id ihc filtered solution allowed 
to crj'stallise. Tile product thus isfilated eryst^dlised in thin scales and 
rcctariffi^lar prisnis, 'and provied to be the potassiui^ salt of an entirely 
new ‘acid, ^ iiarn(‘ly hydrogen ^carbonyl ferroeijaniik, H 3 Fe(CN) 5 .CO. 
Following up this discovery, Muller succeeded in preparing a series of. 
well-defined salts. 

Comtitution. — The .const it.utioiy to be assigned to these derivatives 
depends vefy largely upon the views accepted for tliQ eonsr^itution of 
ferrocyanides in gemTah The carbonyl group clearly replaces a C : NH 
group in the ferroeyanide niolecuie, or, regarded from another standpoint, 
divalent oxygen re])laees the divaleijit Nil groiif) without effecting any 
alteration in the carbon nucleus of tlie inolecule. .\dopting his cyclic ^ 
formula (see p. 203) for ferrocyanic acid, Friech l flieiefore suggests the 
following graj)hical representation of the clupige ; — 


C:NH 


0:NH 

t 


/\ * « '* 

.N:r (dNH 


^ /N:C C:NH 

1 1 

< -> 

1 ' 1 

'N;0 C::NH 


^N:C C:NH 

V' 


V 

C 

NH 


II 

0 

(h'rrocyanidc) 


(carbonyl ferroeyanide). 


Hydrogel carbonyl ferroeyanide, or carbonyl ferrocyanic acid, 
HJFe(CN)^.CO|ll/), is obtimied by fhe action of hydrogen sulplndc 
on the (opper sail iii soluti(Vi. Upon evaporation in the dark over 
ootassium hydroxide, the heid separates in <*olourless tabular crystals, 
kt is acid do litmus, and is sufliciently powerful to decompose alkali 
jarboeates. - 

The heat of combust ioi? of carbonyl ferrocyanic acid is 80^,800 
lalories, the products being, nitrogtu, carbon di-ixidff, water, and fdric 
>xidc.* The heat oF forrfiation of the anhydrous acid is —48,600 
jalories ® ; the acid is thus h'ss strongly eivdothermic than ferrocyanic 
icid (-V 122^000 (;'plorics). » • 

JS^um carbonyl ferroeyanide, Pa 3 fFe(CN) 5 .C 0 ] 2 lll[ 20 , is readily 
)rcpared by dccortiposing.'ihc copper salt with^ia soluble barjum salt, or 
jy neutjalisingi 'i^;l free nc'id with^ barium l^droxide. It loses 10 
nolecules of watcf at 19® ,C. w vacua, and .becomes anhydrous at * ^ 
SO®' C. The beets of solution arc : — ® ^ 

; [B!k.[Fo(CN)‘'CO], 1;| Aq.=ii;ao[Fc(CN)5l''0],Aq. + 16,900calories, 

[Ba3[Fe(CN)5C0hlin.20| f /Ul. "Ba3[Fe(rN)5CO]2Aq.“ 6,900 calojjes,* 

* J. A. Mullor, CmujK. rmd., 1887, 104, 994. ^ u ^ 

« Friedol, ibid., 1887* X04, 995. . * 

• Muller, Ann, Chim. Phym., 1889, (0), 17 , 9,1 ^ 

* Mulle!, Compt. hnd., 1906, 14a. W16. MuUef, foe, eil, 

• Mailer, BuO. Soc. chim., 1914, ( 4 ). 15, 491. - ^ 
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heat of hydration of the anhydrous saJt is 28,800 calories 
at 17-5'’ C. • • " 

Cbpper carbonyl ferrocyanide, Cuj,[Fe(CN) 5 .CO| 2 , is obtained^ by 
double decomjx»sition in aqiui^iis solution of^oj-ocr sulphate and potas- 
sium carbonyl f(Trt)cyap'icl(\ It fori^s as a y( llowisli jjrceii ^rclatinous 
precipitate, •\vhi^h i^ insoluble iir (^^ute intric o^ sulphuric acid, and# 
which bccomciian anli^^drous dark broun poVder at 110' Q. 

Ferric carbonyl ferrpcyafiid^ Fc(Ft (ftN) 5 ('()|, is p;-cj)arcd by double 
decomjjositiou.oran excTss-of A rrie chloride solution aiftl the potassium 
salt.* It rcscinblcs’^hidi/^o in app('arance#and contan^s ^Ixnit i |»cr ctmt. 
of combined wlitei*^ l)ricd at a moderate temperature. til yuhls a 
• •.frijddc resinous mass with a brilliant conehoidal fraeliire.‘* 

Potassium carbonyl forrocyanide, ‘2K3|F(‘(t’N)ri(i)].7H20.--The 
discovery and early })ri‘parat ion of tlft^ salt havi' alre ady be^'n ({(‘scribed* 
(see ]). 202). It*may be ]>repared in the laboratory by ^)assinj^ umist 
carbon Tuonoxide over potassinm ferrcHM^’anide F* Thus ® 

k,Fc((’N)„+cVj 211,0. K^F((CN),.( () i Nil, t li t OOK. 

J[t crystallises in tldn scales aud.rcrtanjfular jwisms. 100 parts of water 
at 18^ C. dissolve t bS partsid'tin- salt.* 

The salt is more stabl(‘ thifn potassium f(Troeyanide towards oxidising 
media, being unaffected by potassium porsidphate, and Imt slightly 
oxidised by ^x^i’Tnanganate (^r ozone iii the absence sulphuric acid.® 
The salt becomes anhydrous at 120'’ The heats of solution are as 
follow ; — ^ , 

[K3Fe(FN)5C(31 i-A<p- K 3 Fe(CN) 5 CO.A(]. <),200*calorics, 
[^K q(Fc(CN)A’Q17IIoO| -f A<p-- 2 K;,Fe(FN) 5 (X).A((. - 21,800 calories, 


whence the heat wf hydration of the aidiydrous salt is 5700 calorics 
at 18° C. ^ ^ • 

Chlorine a])p(‘ars to oxidise the salt to an nnslabh' (*aibonyl ferri- 
cyapide. Prolongc'd cx^)osure to cldoruK* residts in the format i(|n 
poftissium ferri(;yani(*ie.'^ , ^ • “ * • 

Silver carbonyl ferrocyanide, Ag.,|Fe(CN)|jCO|. is obtained as a white 
curdy precipitate on addition nf th{‘ potassium salt to silver nitrate 
solution in thc 4 )rcsenee of*a.(M‘tie a«d.^ •It rapidly (iafkcus even* when 
protcicted from the light. Ins(>hd)le in boiiJng acetic acid, it is slightly 
^olui)lc in dilute mineraj acids evolving hydrogi n eya/ide. Potassium 
hydroxide liberates silver oxide, potassium etw’boiA l ferrocyanide being 
simultaneously produced. «. '* 

Sodium casbonyl ferrocyanide, Na^lFeCt N)^( OJ.7j[IjO,’is oyained 
in a .similar iiianner to the potassiirtn salt. It ervstalliscfs in pplc 
yellow moiK^cliuic necdlcfi, which become anhydrous dt 110° C. 

The heats of solution are as follow : - *1 ^ V , 

»> i • » ^ it 

. ' [Na 3 Fe(CN) 5 .C()l -| Aq. ---Na 3 Fe{CNp,CO:X(f. f 4800 calorics, 

[Na3Fc(CN),C0.7H^4J f A(p -Xa ,Fe{(’\;l,CO.A(:, - '>500 calorie^), 

% O - 

• 1 Muller, Ann. Chim. Phy^fim, («), 17, 93. . 

♦^toecker, Chem. Zentr., 1!)()4, I., 14(K>, from ./. (imheU ncHnng, ltK>4, 47, 338. ® 

’ See altt«>*Lecocq, Bull* Soc. cMM. Btig., 191 1, 25, 72 j Siuith, (Jtiti World, 1003, 39, 
55 ; StoeCker,*'^. Gasbeknchlung, 1904, p. ^K. • 1 , , 

* MuUor, Cotfipt. rriuf., <S1887, 104, 904. • 

* Muller, BvU.SoC: chim., 1903, (3), 29. 11^8. * ^ 

* MulteP» ibid., I9rt^), iSv49I. » Muller, ibid., I90b, (3), 29, 1101. 

f ‘ 
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whence the heat of hydration of the anhydrous salt is 12,8(50 *caI«nV.« 
at 15*9° C. •• ^ 


Strontium carbonyl feiTpcyanJde„Sr3[Fe(CN)5C0]2.4H20, may be 
prepared in a similar manner to the barium salt. It is a yellow hygro- 
scopic powder, ^whk'h becomes a^ibydrous at*^00°'C. The heats of 
solution are as folloy ; — ^ ^ ^ ^ . • 

fSr 3 (Fe(CN) 5 CO),J fAq. ^Sr,(Fe(CNlColAq. hl0,900 calories, 
l^r,(h\iCN),C()J,AlW^^ calorics, 

whence J^lic heal^of liydratio/i #)f the anhydrous saj/f at 18-8° C. is 7500 
calories. ^ ^ • 

Uranyl oarbonyl ferrocyanide, (U02)3[l’c(CN)5C0]25H20, is ob--*. 
taiiied^ as an orange-yellow gelatinous #preeipitatc on adding the 
•potassium salt to uranium nitrii/^'. At 70° C. it becomes red, but 
acquires tlic^y^dlow colour again on powdering. * 

Potassium caldum, carbonyl ferrocyanide, CaK.Fe(( N)5.C0.5H20, 
has be(m obtained as s*traw-eololired crystaVs.'' * » * 


Nitrito PenUi-Cyanoferrites or Nifriio^Penta-Fetrocyanideif, ' 

MAFe(CN)3.NO,l. 

VVlKiU aqueous sodium nitroprusside solution is treated with sodium 
hydroxide, the qiiJiternary nitrito sodium salt, Na^l Fe(C]iJ)j^NO 2 ]] 0 ll 2 O, 
is obtairtod.'* It ^crystallises in yellowish red monosymmelrie tablets, 
and is very soluble in water, 'pudding a dark red coloration witli 
ammonium sulphide. ' 

When sodium hydroxide is allow('d to react on a solution of sodivm 
nitroprusside in nu'thyl alcohol, the monohydrated salt is oi^taitt^d. 
Thus : — 

Na2Vc(CN)5.N0V2ll20 f2Na0n-NatFe(C^N)5.N02.Il20d 2 II 2 O. 

With jxvtassium hydroxid(‘ the double so(iium potassium mono- 
hy«rftte<} salt, is obtain(‘d. ^ 

The silver salt, Ag4[Fe(CN)5.NO2]2ll20, and alkyl nitroso derivatives 
*have also been*' obtained,"* and numerous other complex salts are 
described.® < 


Ammino PenAa-Cyanoferrites <h* Ammonia P^nia-^Ferrocyanides, 

^ .M^lFc(CN),.Nll3j. 

Sodium oi^monio ferrocyanide, Na 3 Fe(FN) 5 .NIJ;^, is obtained wdicn 
ammohiuni hydrrtxide is allowed,.to act aF0° C. on a sokition of sodium 
nitVoprussidc in viiethyl ajeohol.® ^ * 

If the reactis)!! is allowed to proceed ?it the ordinary jJCmperature, 
thee so(Kum ahuKonlum*saIt, Na^(NH;|)^Feft:N) 6 .NH 3 ], is obtained.. 
ThiKS ‘ 

Na2Fe(CN)5"ifo-r3NH3Vll20.=^Na.2(Nn,)Fi(CN)6:Nn3+NH4N02. 


‘ Muller, Bull. Soc. chim., n)14, (4). 15 . 491. 

“ Muller, .tan, CkitK. Phys., 1889, (0), 17 , 931 
^ Leoooq, BtUL Soc.fhin:. jBelg.^ 191L 2 $, 72, ' 

* Holpanii,* .4 anoltfH, 1900, 3 x 2 , 1 ; i^eihfch. atwtg. 189B,»ii, 278. 

^ JPerArli, AneA^Fia. Quim., 1915, < 13 , 144. 

• Hofmann, lot. ciL ; Pereirl^ Anal. Fis. Quim*^ 1915, 1^* * • 
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Aqtio PcrHa-Cyamfaintes Of PerUa-Ferrocyanides, 

• •M3[Fe(CN),.H,0].^ 

Potassium aquo*feiTOcyaQid6* K3Fe(CI^)«.H£Q, is obtained by reduc- 
ing* potassium aquo pcnta-ferricyanide, K2r\‘(CN)*.ILO, with alkaline 
hydroxylan)irie*chlori(ft*, with alka]J sul|)hide, eg* with formaldehyde 
and acetone in the presence of allvaltJ • 

Sodium aquo ferrocyanidj,® NajFe{t'N)^.H20, results when sodium 
nitroprusside reaiets witn liydroxylamine'e te., or when the salt is oxidised 
by potassium liypobromite or hydrogen ^x;roxide. * ^ ^ 

^ •• • • * 

» A(juo Penta-Cya no ferrates or Aquo Penta-Ferricyamdes, 

• M2lFe((:N)5.Il20|. 

Potassium aquo ferricyanide, K2*tV(CN)5.H2^^» obtjiined by the 
piy)long^‘d* jicti<ti\ t)f ehlorine upon potassium ferjoeyifnide solution. 
At first potassium ferriey^inide is f<ymed, wlpeh undergoes further 
decomposition, the*eftlorine ;ibstraeting oiu; (t'N) grou]), water taking 
its place. Thus ^ 

* alk ,1'( ((:N), H ('L, .‘.'K,F((C'N)„+2K(-|. 

followed by • 

KalMCNJe t Cl2-=lv3Fe(CN),Cl-|-CN.Cl. 

. I<!.3Fe(CN)5Cl ^ ll20-K2Fe(CN)5.Il20^i<Cl. 

* • . . • . 

The same saUis produced by the action of a mixed solution of sodium 

chlorate and hydrochloric acid upon potassium ferroeyanide. • 

The solution is intensely violet, but the salt is readil}^ precipitated by 
af^lition of alcohol. Reduc’tion with alkaline hydroxylamine chloride 
s^ititioff yields potassium aquo penta-ferrocyanide, K3Fe(CN)5.H20, 
whilst with alkaline potassium sul])hil<* the sulphlto penta-ferrocyanide, 
K5Fe(CN)^S03, is obtained. * • • 

In earlier literature' this salt is refeTred to as potassfam perferri- 
cy^nidet the formuli), K2Fe(('N)fi, Iv'iuK ascribed to it.^ ^ • • 

‘Sodium aquo penta - ferricyanide, •^^a2Fe((TNJl^.H20, is* readily 
obtained^ by the action of nitrous acid or bromine»w'ater upon the 
corresponding ferrite, Na;,Fe(FN)3.H20. , • 

• • • . • 

• Sulphito Penia-Cyanoferrites ofSulphito P^ita- 

• j\T JfFe(CN) 5 .SO^]. • ^ 

'Potassium sulphito feq*ocyanide, K^’efCN)6.S03, fs obtained h} 
reduction of jjota^sium aquo^ ferricyanide, KgFefFNj^.H^O,* witl^exccs! 
of potassium stclphitc it> potassiury hydroxide.^ It^ crystallises fron 
aqueous alcohol in small^a^Hpw prisms. • * 

Ferrous thiocyanate, •Fe^CKS)2.8ll20,*is dbtaincUr dissoWingJroi 
in an aqueous solution of thy fri'c acid. ’D cr^ttdlises in moiioelinii 
prisms, and is readily Bjddised by exposure In air.* ^ ^ , 

Ferric thiocyanate, Fe(CNS)3.6jr^, may prepared by dissolving 
ferric hydroxide in aqiieous tliiocyanie geid, as also by metathetjeq 

' Camhif Oazzetta, 19U, 41 ,^ Hi?. 


* Hdfmaln, Annalen, l»Oo’^i2, I ; Z^itsek. anorg. ISQC,,!!, 278. 


* See Bong,*J. Chem.^Soc., 1870, 29, 907 ; Danimer, 
378 ; Moissan, TraiU de Chimie Minir^^ 1W6, 4, 417. 

* Cla«f, Annaiefh^j§^t 99, 
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decomposition of a ferrous and potassium .thiocyaifafe^i • It 
crystallises in cubes, deep red in colour, which siowly dissolve in water, 
yielding an intensely red solution. The formation^ of this red colour 
constitutes a delicate 'metbpd of detecting th*c presence .of traces, of 
ferric iron (see p. 242). ^ ‘ * 

f In very dilute solution the intensity of colour produced is not quite, 
proportional ,to the amounff of iron present— indeed, the«more concen- 
tfated solution becomes decoloyisc'd on dilution, /is also by addition of 
oxalates, tartrates, y*te. The decoloration on dilulion is usually 
explained on the n,ssumption that the water hydrolyses the red un- 
dissociated i^alt into ycll«w eolloidal ferric liydroxldc and free thio- 
cyanic acid : 

2Fe(CNS)3+nH.p^2Fe(011)3 f 6IICNS. 

The effect the organic acids is attributed to tlicir- union with the 
iron ions of the dihisociuted ferric thiocyanate, thereby displacing the 
equilibrium ‘ * r ’ 

Fc--| 8CNS'^-Fe(CNS)3 

in the direction of right to left — that is, ^e'dueing the concentration of the 
undissociated coloured sait.^ 

A modification of this view lies in tlurthcory that the coloured 
compound is the qndissociated double salt *^ Fe(CNS)3.9KCNS, and not 
simply the simple undissociated molecule Fc^CNS)3. This is apparently 
supported by the observation that a maximum coloration is produced, 
saVe in very dilute solutions, with twelve molecules of potassium thio- 
cyanate to one of ferric chloride. Thus : 

FcCl34-12KCNS-Fo(CNS)3.9KCNS-f3KCl. . - - 

^ In dilute solution even more potassium thiocyanate is required, no 
doubt on abepunt of dissociation, as explained above. 

Tarugi,^ on the other hand, attributes tlie colour to the formation 
of '^fci"ro\^s 'peroxjv tLioeyaiihv aeief, FcH(CNOS)3, according to the 
reversible reaction : — 

12FeCl3-bGKCIJJS hGll20-2FoII(CNOS)34 6KC1 + lOFeCla+lOHCl. 

The free acid, ll3(CNOS)3^ as well as its acid salts, have a red colour. 
The decolorising i^iflueuee of oxalak's, etc., is atj;ributablc to their cpn- 
vertivig the acid or its aeic^nalts into colourless normal salts. ^ 

This theory', however, hasonot met with a wide acceptance. 

Ferric .thioQyanate solution gradually Joses its intensity of colour 
when keptj a reduction of the inm from the ferriij to the ferrous condi- 
tion being obserl^j.ble.® , ^ ^ 

•jk ** • 

' (Plausf loc, cit.^ ^ r ^ * . u. 

* Bongiovanni, Farm., 1911, 50, 694 ; OazzeUa^ 1908, 38, ii. 5, 299 ; 1907, 

37, i. 472 ; Roaenheim and Cohn, 2 eit§ch. anorg. Ckern., 1901, 77, 280 ; Magnanini, ZeiUch. 

Chem.t iSbh 8< 1. See also Ley. ZeiM. physikal Vhem,, 1899, 30, 193 ; Glad- 
stone, Chem, iJem, 1893, 67, 1 ; Yennm. »tW., 1893, 67, 66 : 1892, 66, 177, 191, 202, 214 ; 
Sohultte, Chem, Zeii,, 1893, 17, 2 ; Hiban, Bull Soc. chitn., 1892, (3), 6, 916 ; TaUook,' 

Soc, Ckern, Ind., 1887, 6, 276, 352 ; Shilton, Chem. Nem, 1884, 50, 234 ; H. Wwher, 

‘ ZeUech. anoL Chem., 1883, 22 , %4 Dupr 6 , Chem. News^\(f5, 32 ,'-' 16 ; Pelouse, ilnn. Chim, 
PV., 1830, (1),44» 214. ' ' 

* KrOss and*woraht, Ber., 1889, 22 , 2064, 2061 ; Zeitach. ant.rg. Chem:, 1892, i, 309. 

* Tarugit Otux^ta, 1904, 34, ii. 326. ^ ^ . 

f Stokes and pain, J. Amer, Chem, Soc,, 1907, 29 , 412: < ^ ^ ' 
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,Tho eicact course ctf this reduction is uncertain, but the carbon 
of tHe acid radide is pxidised to carhon dioxide and the sulphur to 
su\phuric acid. The equation might therefore be written as : — 

. 8Fe(CNg)a+6HjO~8F(^CNS)a+7HC>iS + cba^ HaSO^-j-NHj. 

This equation, however, postulate's the^)rodudion of more aminoni^ 
than is actuajly foftnfl, by about* 5h per ce»it. The nitrogen therefore 
appears only partly a*s amuioqia, and qo definite information has bean 
obtained as to the product or*products Tiito which the lemaining portion 
of the element is converted. ^ ^ * ^ , 

The beautiful oolour of the ameth;^*t is thought to be^ue tf) ferric 
^ thiocyanate, and this is supported by the fact that, on heatmg, the colour 
of the stone becomes yeUow, its absorption speetrum now closely 
resembling that of ferric oxide ov^ ferric compound. The calcinei 
stone closi'ly rqj>emblcs the natural dinner which latter nlhy have been 
obtained in an analogous manner from the amethyst through natural^ 
agen<iics .2 , , • • • 

Fe(CNS)3.9KCNS. 41120 iR obtained ^ by dissolving freshly preci- 
pitated ferric l^^droxidc in .thiocyaiiic acid, adtling the requisite* 
quantity of potaRsium thif>cyaMatc, and concentrating over sulphuric 
acid. The salt yields dark*rcd rhombic prisms, witli a greenish reflex. 
It is fairly stable, but sloAvly deliquesces upon exposure to moist air. 
Its solution qi*pur(^ water is stable, but traces of tleetrolytes induce 
decomposition. ^Thc corresponding ammonium, sodium, litBium, and 
caesium salts have been prepared. * 

The anhydfous salt, Fe(CNS) 3 . 8 KCNS, lias been obtained, and'is 
described below. 

• • 

Ferro Ileaathiomjanates or HemthiocyanoferriteSy M 4 Fc(CNS)g^a:H 20 . ^ 

Sodium ferrothiocyanate, Na 4 F((CNS)(j.l 2 H 20 , prepafed by dis- 
solving ferrous carbonate in tbiocyanic acid and adding sodium thio- 
cjjjfenate.'* '^ic salt crystallises in^colom^less tab^i't jj^whiclii aje soluble 
in water, as also in alcohol, yielding brigmt jose-coloured solutions. ^ 

Ferri Hexaikiocyanaies orr Hexatly^ocya^oferrates, M 3 Fe(CN§)j.jH 20 . 

Sodium ferrithiocyanate, Na 3 Fe(C’NS) 3 ft 2 H 20 , is formed by allowing 
*a mixed solution f)f sodium and rcfric thioeyanates#to crystallise ovCT 
sulphuric acid,^ It crystallises in dark gTton nexagopal or rhimbic 
crystals. These dissolve m water to ?l deep red solution, and are 
partially dcco^ppdsed. In alcohol a violet solution Js^btqHiad) from 
which the salUmay be rccrystallis#d ilneliangcd. , • 

The po^pssium 8 alt,«K^Fe(CNS)g, is obtained hf dissolving freshly 
. precipitated ferric hydrqxicj^e pi thy)cyani<! a«id and ^ckiing th^Tcqqlsitc 
quantity of potassium thiocyanate.® Tliu^lutiin concentrate^ over 
sulphuric acid, when the salt*separates out V small h<^g^"al crystals. 
The aqueous solution possesses aii^ intensely red colburr 

4 Philip and Bramley, Trans. Chem. Sor., 1913, R[03, 705. , 

» Nabl,Jlfonatfft., 18W, 20.27». ^ • * 

* K«^#nd Moraht, Ber.y M89, 23. ; AnnaltJty 1800, 260. 206. Se« also W^Us, 

Aintr. Chem. 1902, 2^ 246. * 

* Rosenheim wid Cohn, Zeitsch. anorg. Chttn.y 1901, 286. 1 

* and Morsh^ Ber., aa, 2061. 
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• • 

IRON, AND SILICON. 

• 

When heated together, i^on absorbs silicon, even at temperatures 
considerably below 95?)° C.^ a silicide or silicides bcmg produced accord- 
ing to circumstajiccs. ' 

f Iron silieides fire,^in gcdcral, hard and brittle, thus forming good 
abrasives. They are whitt or grey in colour, may take a good 
polish. Unattacked by air and water, they* arc J^ut slowly decorhposed 
by acids, except ‘liydrolluoric, which readily dissolves them. In general 
their density fall^ wfth rise of s^licion content. 

The freezing-point cunves of^illoys of iron and klicon * indicate the 
existence of two silieides of iron, namely, ihe\mbdlici(l£, FogSi, and the # 
monosilicide, FeSi; and Jouve regards thetc as the only two definite 
Silieides that cxist.^ A study ofothe density curves of solutions of 
silicon in irdiv* suggests the possible existence of FegSi, FeSi, FeSig, 

.. FcaSig, FcgSia, aint Fe 3 ^Si 4 . Of these the (lisilicide,^ thd iriferro 
disilicide, FcsSi^,^ arc claimed as having beCn isolvted, but the evidence 
is not conclusive. A iriferro silieides Fe^Si, is described by Naske.’ 

. Diferro silicide or Iron subsilicide, IVgSi, is the form in which , 
silicon occurs in cast iron, and may be olAainAl ® in sevtM ways ; namely, * 
(1) by heating iron in a porcelain dish briij^qiied with silicon; (2) by 
heating iron with 10 per cent, of silicon in an electric furnace ; and (3) 
by similarly heating ferric oxide with excess of silicon. ^ ^ t 

It may also be prepared by heating iron in silic,.on tetrachloride 
vapour at 1100° C. : ^ 

SiCl4 4' 4Fe =Fe 2 Si -f 2 FeCl 2 , 

or by heating iron and copper silicide containing 10 per cent, of sUiconf’*^ 

^ Diferro silicide, as obtained by these methods, occurs as small 
'' prismatfc crystals, possessed of met.allic lustre, magnetic, and of density 
7*00 at 22*^ vC. Ilydrogen fluoride attacks it readily, and 'aqua regia 
• decomposes it, yielding silica and ferric chloride. Hot potassium 
hydroxide Is witlixiiatmction it. ' It is, decomposed by dilorinc with 
incandescence.. ^ 

Iron siiicide or Iron monosilicide, FeSi, is prepared by heating a 
mixtui^e of copper ^silicide and irondiiings in* an electric* furnahe. The 
resulting product is treated cv^ith 50 per cent, nitric acid to decompose 
any copper silici(\e, and washed. k^Obtained iii„ thiJt> way, iron sili^de* 
occurs as tetrahedral trysk’ris, with a brilliant metallic lustre ; they are 
extremely hard, and have a density of 0 17,at 15° C. Fluorine attacks 
them oydtnivsyjtemperatures, whilst chlorine and bromine decompose 
them at re*d heat^ Molten alkalhhyjlroxides attaek thc''gilicide, as also 
do fused mixtures ^f the plkali nitrates and ci\rbonates.“ 

‘Ciebe^, iab2, (3), 27, 44. • - • 

■ Cfueriler and Tammanh, Zt%U>r\. anorg. Chem,^ 1905, 47, 163. 

• Jouve, Bull. ^00. chinu, 190\/ (3), 25, 290 ; Compt. rend.^ 1902, 134, 1677. 

' *ybMlley, i?etwc 1911, 8, 457 - 

*'Chalmo<', J. .4mer. Chem. Soc., 1896, 17,4)23 ; 1899, ?i, 69 ; Lebeau, CompL rend,. 
*i90b 132, 681. * . % 

• Chalraot, Idc. cit ’ I^ke, Chem. Zeit., 1903- 27, 48f. 

» Moiman, Compi. rend., 1896,-T2I, 621. » vTgcdlroux,*i6id., 1906, 141. 828. 

« Lebeau, ibid., 1900, 13i,»683. - ^ ^ 

“ Lebea^, i^., 1899, 128, 933 ; Guertl^ and Tammann, loc. cit . ; Vanaetti, QaatzeUa, 
1906, 3^» b 498. . • “ „ 

® k . A j 
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• * • 

Irott djsilicide, FeSiJ. — A substance containing iron and silicon in 
the proportions n^cessayy to •the formufe-^FeSig is produced by heating 
iron in excess of silicon in an electric furnace. It occurs as small 
lustrous crystals. 1 ^ * 

Ferric sillcide,. trifei;po disiliclde, FcgSig, i^ obtained by heating a 
mixture of iron,filings,%ttnd, and.cli^rcoal 4n an dectrfc furnace. It i% 
white, crystalline, ifiid of density* 6^36 ; only sliglitly magnetic. It is 
a good conductor of ^‘lectycity. Cold ,aqua regia slowly attacks ilj*; 
fusion w ith })ota!isiuni Aitrqtetind sodiudi carbonate rapidly decomposes 
it. Ilydroflucfric acid also breaks it up.J * , 

Ferrous orUios\Jicate, iron olivine^^r FayaHte/IejjSiQ4, occurs as 
tabular rhombs in iron slags, of which it is one of the commonest con- 
'^tituents. Its name is derived from Fayal Island (Azores), where it 
was first found, although probably •^ven that syccimen w^as originall}^ 
a lump of slag fyoin a ship’s ballast. Its crystal clemcntf^fre : — 

• -4032 : 0-5835. * • 

It is the most fusible silicate^ present in slag, and melts at about 
1260° C.‘^ When jieated in hydrogen, reduction begins at 225'' C. • 

* Ferrous magneeium orthosilicate, (Fe, Mg)Si04or Fi\j8i04 4-.rMg2Si04, 

where rang('S from 3 to 12, occurs as green rhombic crystals, usually 
small in size. It is presenf in slag, being the silicate of highest melting- 
point, nanujy, about 1400° C. Natural olivines usimlly melt between 
1303° and 137%°^C.-' • • 

The refract i\ e index of olivine prd^rressively increases with the iro^i 
content, and m«y be used as a criterion of the chemical com4)osition of 
rojk sect ions. 

^ Olivine readily decomposes upon cxjiosure, yielding serpentwet 
Mg,Si20,.2ll20. ^ 

Ferrous metasilicate, FeSiOg, has been prepared by fusing the 
calculated fiu.antities of ferric oxide and silica at 1*600° JJ. Density, 
3-44. It melts at 1500°-1550° C.’ ^ ^ 

/Idle heat.of formation of ferrous* metasilicate m * t 

[FeC’OgJ f [SiOg] [FeSiOgJ -f (COg*) — 7600 ci^ories.® • 

[FeOJ [- [SiOgU^fFeSiOg] -j-5000 calorics ^ ^5905 cHlorics ’). 

l^oublc metasilicates of magnesium ami iron occur as the minerals 
4iypgrsthcne and af^thopliyllite (Mg, Iic)SiO:j. A sodii^ ferrous meta- 
silicate, NaFc(Si03)2, occurs as dark brow^rf 4)r gfeen prjsms in qlartz 
under the name of acinitejjr agirite, artl a crystalline substance of 
similar compo^itioii has been prepared by Weyberg Ify Tugini^i silicic 
acid, ferric h}^flroxidc, mid sodiuy\ ctirbonatc with ^cess of sodium 

^ Jjebeau, Gktnipt. rejui., 190f, 132, bHl ; tie C'halmot, Amf>r. Chcr9. J., 1807^9, 118; 
also de ChaJmot, J. Avitr. Chetm. *V(jp.#I895, i7» 923.* * j * • • 

• 2 do Chalmot, loc. cil • • • 

’ • G. 0. Smith, Johns Hopkins Untv, Circulars, 1894\f3, 82. j - 

* S^livanov, RcvaSoc. Russ$ Melall., 1915, 328. • ^ * * 

“ Cusack, Proc. Roy. Irish Acad., 1897, ^3), 4» 399. • * * 

• • Backlund, Abstr. Chem. *>oc., 1911, ii 616, frogi Trav. Music Oiol. Pierre le Ch^nduat 
Acad^Sci. Pdrograd,m9,3,n. ' ' 

’ O. Steiif, Zeilsch. anm-g. ClKjnf, 1907, 55, 169. 

* Le fShafblier, Compt, rend., 1895, Z2C(P623. 

* Wologdine,»f6idL, 191^, 157, 121. 

Wey^rg, Centr. ^in., 1906, p. 717. 
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chloride. The potassium analogue KFe(SiOa)£ has been prepa^^ed,^ but 
docs not apj)arontly occur in picture. ^ ^ 

Crystals of ferrous manganese metasilicate (Fe, Mn)Si03, or iron 
rhodoniie, have been obt^^ined from Bessemer slags. They belong to 
the triclini(* system, and closely rcscmblc^cry^^ls of the mineral.* • 
Ferric silicate.. -’ Sc vcral, silicates containingtferric ir^on are known in 
‘a natural state, chK f among wliicfi are Anthosiderite, 2Fc203.9Si02. 
2II2O ; Cronstedlite, dFc0.Fc2^3.2Si02.3H20 ; Hisingeriief 4Fe203.9Si02. 
isH^O; and Fc2O3.3SiO2.5H2C. ^ A s^ydium ferric metasilicate 

occurs as Croewolifes 2NaFc ■(Si03)2.Fe 'Si03.Na2Si03.^ 

Ferrbus fluoSilicate, FcSiFQ.oil20, has been p/repared. It is iso- 
morphous vi^ith the corrcspoudn'ig salts* of cobalt and nickel.* 

•* ^ IRON AND BORON. 

n 

Iron sub-borid'^ or diferro boride, FcgB, is obtained )yy heating 
reduced iron and borondn a poredaiu tube inwall atmosphere of hydnogeu.^ 
It occurs as steel-grey prisms, of density 7-37 at 18^ C., and is attacked 
by dry air at dull red heat only, whilst moist air readily attacks it at 
ordinary temperaturt's. It dissolves in h^t aqueous solutions of the 
mineral acids. 

Iron monoboride, ]^\'B, is ix'adily fornuarby heating iron in a stream 
of vaporised borqu chloride. It also results when iro’i and boron are 
heated tjogethor in the electric furnace.^ Obtained in this way iron 
boride forms brilliant yellow-grey crystals, of density 7 ’15 at 18° C. 
It does not alter in dry air or oxygen, but moist air ren .lers it oehreous. 
Chlorine and bromine attack it at red heat and, when heated in 
oxygen, it burns brilliantly. ^ 

Bromine attacks it at red heat with ineandeseence ; chlorine is less 
• vigorous in its actiop, whilst i()din<‘ and hydrogen iodide have no action, 
even at 110^)° C. " The (‘hlorate and nitrate of potassium do not affect 
it at their mt‘lting-points, but al higher temperatures decompose it 
wtth*in(ymdeseetuwi. ,.Fbiseil alkali hydroxides and carbonates dccomfj^se 
it rapidly. Cyneontrated sulpluirie acid is without action in the cold, 
‘but with^the boiling acid ferrous sulphate is produced. Dilute nitric 
acid dissolves it -when hot, and the concentrated acid acts vigorously. 
Dilute hydroehlori’c acid is,iwithout action, and the hot concentrated 
acid acts only s»h)wly. ^ 

I>X)n diboride, Fc Ra^ bits been [irepared in a similar manner to^ the 
sub-Wridc, and represents the maximum limit of combination of iron 
with boronj» jits density is 5; it is slightly yellow in colour, hard, and 
friable: being readily oxidised by moist air.’ , 

‘ Other com[)h.>H‘s, such as FcjBg, Fe^B^, P’e2B3, have oeen prepared,* 
but are probabk not all separate chemical ^'luities. 

«Fen\»U8 chSorkorate, FeC^la.GFeO.SBgOj, or FeCl2.CFeBa04.2B208, is 

C ^ 

I Niggli, Zei^ch, anarg, Chem., 1913, 

* Tacconi, Zifitsch. Kr^st. 1914, 54, 392. 

® See Tachirwinsky, (7enlr. Min,, 1907; p. 436. 

® Dufet, Bull Sm, Min., 1901, 24, 118. 

® du Jasa^uiitfix, Ccmpl rend,, 1907,^45, 121. 

• .Moisaai^ ibid., 1895, 130^173. ^ 

’ du Jaaaonneix, loc. cit. 

® J. Uofftnaon, Chem. Zkil, 1910, 34, 1349 
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obtained^ passing tho vapour of ferric chloride over an intimate 
mixtilrfe of iron wire and calcium borate *lu^ated to 830 ® C. The ferric 
chloride is reduced to Terrous, which immediately reacts with the 
calcibm borate. The mass, on cooling, is* extracted with water, any 
unattacked iron bping r^moled magnet ictHl}". Fctfous chlorborate 
yields greyish, tr^nsparc|^| cubes. It is slo\^y attaeked*by nitric acid ; 
fused alkalies rapidl}^di*compose ifiU* • • 

Ferrous bromboratefFcBrj.CFeO.HBgOa or FeBr2.GFeB204.2B203, is 
prepared by passing bri^unt^ vatiour ovul* an intimate mixture of iron^ 
(in excess) and J^oro-natro-rtilcite, Na2B407.Ca2Bfl0j^l6fl20. It yields 
greyish white cubes laui oetaliedra.'** • # • • • 

^ Rousaeau and Allaire, Cotnpt. rend., IMDIl, ii6, llUf). 

“ Houasoau and Allaire, ibid., 1893, Ii6, lit.”). 
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CIIAPTEH X. 

I n 

* DETECTION A^D EStiMATION 6 f IRON. 

• 

IiiON readily lends itself both to detection and estimation.^ In this 
chapter tU" more iniportant mdiliods of detecting and estimating iron 
in its eom[)6unds|, arc discussed. For methods of analysing ?tecls and 
other alloys the read|;i is referic'd to Part III. of this volume. _ 


Detection of Iron. ^ 

Dry Tests.- - Iron salts, wlnai moistened with hydrochloric acid and 
heated on a loop of platinum vvir(‘ in a rti*ns(‘n flame, emit a shower of 
sparks. VVlien heat(‘d on charcoal with sodium carbo^nate in the blow-, 
pipe fl^mc, the t'ompound is converted int,o a dark-coloi.r6d residue. If 
potassium cyanide is added ti,', the sodium carbonjlte and iron com- 
. pound, and the whole heated on charcoal in the i^yicr flame of the 
bloW“pi|X', iiKitallic iron is obtained as a grey, magnetic powder. 

If a little of the iron conniouiul is heated with borax on platihum 
wire in the out('r blow-pipe flame, on cooling, a yellow transpifrent bead 
is obtained, which becomes bottle-green upon heating in the inner or 
reducingM flame .of the blow-pi[)c, in consequence of redyction to the 
ferrous eo^alition.^ 

» t Wet 'fests.— The i)r(‘sence of iron in solut i(tn may readily be detiictcd 
by a ^consideraftie* number S)f sensitive reactions. Thm ferrous ^iro7i 
gives a grcei! precipitate of ferrous hydroxide u})on addition of excess of 
ammohhnn hydroxid(‘. With potassium /errieyanide and a trace of 
acid* a deep bKu; prccipillitc* — VurnbuU’s blue — is tibtained. With 
potassiuni ferrpeyanide a^ white precipitate is obtained in the ‘entire 
absence of any'fcr|^c salt. Fer^c iron, on the other hand, is i^Sually 
clmracterised by its det*!) y^dlow or brown colour. Addition of concen- 
trated hydrochloric acid deepens the coloiir. With excess of ammonium 
hydiox^lc, brawn flocculent Jcrric hydroj^idc is * pr^tipitated. With^ 
potassium fern)j;yanidc solution, deep blue colour is* obtained in acid 
solution, whil.^ with p^vtassium ferricyaAi(}e^therc is no action. Potas- 
syuu ‘ihiocyfAiht^j gives <in acid salutiox ? dfiep red colour, which is not 
destroyed by hetft. * Salicylic acid gives^a violet colour, provided no freia. 
njlineral acid»^ pi^sent. e ^ , 

, It iscusual, in systeiqatic qifiHit^tive analysis, to remove silver, lead,*^ 


* * As this fs not a text- book of ‘analysis, tho various methods of qualitative and quan- 
titative analysis are not Misqussed in oxj)eriraentaa.l ^detaUi Reference*, however, are 
appended, so that tjao student dbsirous of att.impting ilhy of tho methods i&ay^tnow where 
to seek for dt tails. ^ ^ 

* The grehn colour ordinary bottle^lass is due to the preaenoe^of ferrous iron. 

242 t r * • • 
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and ^eicujiy from the ftoliition to be analysed, by precipitation as 
chlorides on additfbn hydrochloric *oid. The metals capable of 
precipitation as sulphides with hydrogen suliiJiide in acid solution are 
nex^ removed, and t^e filtrat^ boiled to e^pcl 'uy dissolved hydrogen 
sulphide, is treated.with rfmimoniuni chloride and excess of ammonium 
hydroxide. In Uie a))S(#ice of plu^s^)}Jites, tiic pre^’ipikde may contain ^ 
the hydroxides of iitnf, aluminiuift, •and clu^miiiim. The presence of 
iron is evidenc*ed by t^ie b^)wn colour, if the metal is iif the ferric^ 

* condition. In any case.ttln; pi^eipilate is treat ctl with*.s*)dium peroxide 
and water, whAcby. any aluminium is dissolved as*so<^ium aliyninate, 
any chromium as sjdium chromate, t^ji iroi^ reimdiimg %s insoluble 

^ Tcrric hydroxide. If desited, a eontirmatory test may ])e aj)plied. 
Ffti^example, tlic i)rceipitate may be dissolved in h y^m chloric a(;id and 
potassium ferrocyauide added. The •J^aracteristic; colour indicates < 

' If a j^iosphatc; was present, tlie precipitate obtarled on addition of 
ammoiMum eliloridc ^a?^d hyilroxide imfy coiitafrt plios})hates of such 
metals as calcium, etc., wdiieh Are formally })reeipitated in later groups 
in systematic analjj^is. The pn;eipitate is thcn lore dissolved in dilute 
Tiydrochloric acid, ^and the •solution nearly neutralised with sodium 

* carbonate. Sodium aeetate^ft now added, and tlu‘ whole boihtl. The 
precipitate contains the pliosphatcs of aluminium, chromium, and iron, 

*and is treated, J^s»already iiuheated, with sodium peroxide and water. 

' Estimation of Iron. ^ 

Gravimetric Alethods.- If the iron is already in soluiion, ^t is first 
oxidised to the ferric condition and ))recipitate(l as ferric hydroxide bv 
addition hf ammonia to the boiling solution. Tlfe precipitate is well 
washed, dried in an t)ven, ignited in a eriuabh', and weighed as anhydrous 
ferric oxide, * • • 

If the iron is not already in solution, tlie solid to 1 k‘ arudysecf is digested 
with^hydroehlorie acit^ <1^ aqua regim or is brought ii^j^ a soUiblc »on^ 
dition by fusioAi with potassiumVarbonateT)r i^ drogen sul[jhatc. * Silica 
is filtered off, any copper, lead, etc., precipitated with hyifrogen sulphide, ’ 
and the iron oxidised to the ferric condition with nitric i^eid. Aridition 
of ammonium c4doride and hydroxide pr?cjpitates ttic iron, whifh is 
’ filtered off and w'cighed as FcgOg. If aluminium aiul chromium are 
iflselytto be present, •thcsl* are first reiftoved, jis in wuatitativc analyris, 
by adding sodium jieroxide to the jireeijytafed hydroxide, prior "to 
ignition. After washing awity any sodium aluminate and i^hromate, 

^ the pure ferric If^rfixide ij^igifited, as iijready indicated. * •• ^ 

If manganeses was originally jiresCfit, some of it wiH precipitate out 
with the iron,%and be weighe^iAis Mn 3()4 along \^itli the icgOg. ^Jit is 
desired to remove the maiiga^cfe, tln^ hydit)xides, pri^r ignition, ajre 
/lissolved in a minimum quantify of hydrochloric acid? and ammonimn 
carbonate added, ^under*cj>nstant agitation, uatil th^ pj^ipitate fii|t . 
^formed just re-dissolves, living thejif^id slightly opalescent.# Acetic 
acid and ammonium acetate are now added, the solution boiled for ^ 
few mbmente, filtered hot, and the precipitate, consisting of basic ferric 
acetate, washed twice wth Ibiiing A^ter. The?fih|rate wjll be colourless* 
•if the operations have* been successfully carried out^ and certains the 
bulk of tl^e mangapese as ju^etate. A small quantity of. manganese, 
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however, will still be entangled in the precipitate, which latte» is there- 
fore re-dissolved in acid and precipitated a sjpeond' time in a precisely 
similar inaiuicr, washed, ^nd ignited to FcgOg. ^ 

“ Cupferron ” or uniino Aitroso phenyj hydroxj^amine ^ may be used 
for the direct precipitation of iron in acid jfculution, in the presence of 
aluminium, cliromiu^n, colialt, n^kej, and zin(A Copper is precipitated 
along with the iron, buti is easify ’removed afterwards by treatment 
• with ammonia, in which it is soluble. ^ * 

The ])recipitAting solutiorl is ma(fe*by, dkisolving 6 grams of the 
amino /lerivatiYc; hi 100 grams of water, and maj« be kept for a week 
if i)r(’)tectcd from the light. Tjie solution containi&a^e irdh is acidified 
with concqitratcd hydrochloric acid and the rea^it added until n^ ^ 
further precipitation of iron takes place. The precipitate, whi(fti*is 
reddish brown in colour, is allovj»:l to settle, washed with twicc-normal 
hydrochloi^t^ acid, then with water, ammonia, and wjter iij succession, 
and finally ignited to FcgO.,. 

a-nitroso ^-naphi^ol is a colivcnient riiagent^ fyr precipitating iron,* 
particularly if aluminium is present, siitce this latter metal is not pre- 
cipitated by the naphthol.^ The napHthol solution^hould be made up 
fresh once a month, as it is rather uiifitabk'. For tins purpose 4 grams 
of the solid are dissolved in 150 c.c. of cold glacial acetic acid, and the 
solution subsequently diluted with an equal quantity of water. The iron 
should be present in solution as chloride or sulphate, m^l «>iay be in* any 
state of oxidation - not necessarily all as*ferric or ay as ferrous metal. 
/The slightly acid solution is mi.^ed with an equal volume of 50 per cent, 
acetic acxd, and an excess of the j8-naphthol added, lifter C to 8 hours 
the solution is fdtered, tlie precipitate, washed first with cold 5(kper 
cent, acetic acid and then with water, dried, and ignited, being weigiicd 
as FcjOa. , 

Volumetric rpethods are largely employed for the rapid estimation of 
iron in so^ition. As a rule, the iron must be present fti the ferrous 
^oqdition, and any ferric iron must first be seduced, the reagents em- 
ployed vary ing"i^oi1ie what with t*he method of Nitration. If botfi the 
ferrous aiul fi'rrie eonteifts of a solution arc required, the ferrous iron 
is first* determiiu'd by titration, then the whole is redut^ed, and the total 
iron/ietermincll.^ Subtract k)n gives the artiount of ferric iron originally 
present, 1 * 

Bichromate %lethod ,^ — The in(>n is reduced with stannous cyoride 
orfsodium sulphite,^ and ^bc solution acidified, preferably with sulphuric 
acid.'^ Potassium bichronfatc solution is now added from a burette 
unti^a.spAt cf yie mixture removed on tJic tip of aiglasji rod fails to give 
a blue coloration when mixed WiUi ^ drop of freshly prjspared potassium* 

ferricyanide so^lfition ou«a white, glazed cartyenware tile. The whole of 

^ 

• » Bindisch, Zeit., iW, 33 , 1298 ; 19h,«35,^13 ; Baudiach and King, J, Ind, 

E%g. Chem., 1911, 3,^27. / * . • 

• Ilinski and f on Knorre, ^er,, 1885, l8, 27*,8. • 

• • MeiMke, ^tsen. angew, Chem,, k'ps, p. 252. • * 

• * The wrrio precipitate ii^ voluniinoui black ma 8 % of Fo(CiqH,O.NO), ; the lerroos 
malt, Fe(C, 0 H(,O.NO) 2 , is green, 

* See p. 82 ; also Penqy, C’Aeiw. Ooz., 1860, 8,.33Q ; Schabur, SiUui^ffgbtr. K. Ahad.' 

H'iew, 1861, 6, 1861/ I^ler, Zeils^anal^mi,, 1^2, xi, 249. ^ * 

* • The reductioA may afeo be effected witn zino in dilute juilphuric ^d ; but it dpee not* 

Buoh a 9 ear end-point, owing to loqpation of zinc ferricyanide with the indicator. 

^ A inarper e^d-point is obtained than with exoesa of hydro«hl<»vraoid.« . 
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the iipu ha»Jthen been oxi&ised.to the ferric state in accordance with the 

• equation : — “ , • • • 

mSO^ 8 F«j(S 04)3 j Cr ^(SOJg 4-7140. . 

In the absence of acid? fhe results obtained are t(V) high, the amount 
of dichromate reefuired td coinpletcttig# reacth)n ine^easfnc: with dilution , 
of the ferrous, salt.* \Vith dry ferrous suljdiate the result closely 
, approaches the theorctiqpl.^ • • • / . • 

Permanganate ^lethoif . — The iron is conveniently re(Kiced with zinc 
or magnesium in tht; presence of dilute .sulphuric aeicl. A blan|c ex-* 
periment should 'be tarried out with thg^zinc or inagnesiuiti alone, in 

• that a correction may be a})})lied in the eNcnt of traces of iron 

being present as impurity in the metal, and for any carbon which is 
also liable to affect the titration by f^^lu(‘ing a pgrtion of the perman- * 
ganate.* s|J^*ial indicator is rcijuired by this met liSd, for the 
permanganate is added to the s(»lution^ acidilied wTth sulphuric acid 
until a* faint pink colour pc 4 ‘sists, indicatmg ibitt tlu' jxTinanganate 
is now present in slight excess, having oxidised aM the iron. Thus 
4see p. 82 ) : — • 

' 10 FeSO 4 + 2 i™nO 4 + 8 ll 2 S^- 5 Fe,(SO^), + K,S(),42MiiSO448l4O. 

. The end-point is unstable in tin* presence of fluorides, but satisfactory 
results can, fn Ihese eireunid^anees, be obtained by ifddition fairly 
concentrated sulpk iric or boric acid soiutioi^s. * 

Hydrochloric , acid also renders the estimation unreliable unlesa 
vSpecial precautions arc taken, the amount of permanganiit<* ifted being 
to^^great. This has been attributc^d to the intermediate formation of 
a higher cliloride of manganese during the reduction of th(‘ permanganate, 
which only relatixt'ly slowly oxidists the ferrous iron to tin; ferric 
condition ac<4ording to the e(piation * ♦ • 

MnCh;, . 2 ) 4-‘rFcCM2^ ' rFeri, 4 ->InFI .2 
• • ® 
until equilibrium is established.* C'onsecpK^dly. if tffcTiTration is^arried 
out rapidly, more permanganate is added tiian is theoretiictilly necessary • 
before the ferrous iron is completely oxidised, and tju^ pirfl%?* colour 
indicative of thc^end-poini appears. •An (^feess of the«lugher manganese 
diloritle remains in solution. ^ , 

Addition of mafiganbus sulphate,* phosphoric .acW, and of o^er 
substances to the liquid to be titrated has hfcn round io reduce \he 
. error.® * • 

• Stannms chltmd^is oft<yi aVonvenitmt reagent to u<ic,»as it*cK&blcs 
a determination to be made of the qailnfity of ferric iromin the presente 

• • *• 

' Neidle and^Vitt, J. Ainer*Chfm. ffoc,, 1915, 37»«23G^ 

, • Mackintosh, Chem. News, 1884? 50, 75. • ^ • • , 

• * Barnebey, J. Am^, Chem. S(k., 37 , 1481. • 

* Friend, Trans. C^m. S(M., 1909, 95 , 1228. Scs) ais« Hkrabaj, Z^ihek. anal. Ch^,, * 
1003, 42 , 373 ; Harrison and mkin, AnalystM^^* 33» ^3 ; Birch, 47t€rN. f/em, 1^, * 
ook 01 : Buchanan, Proc. Roy. Stc. Edin., il,*191. *• 

‘ 8 ^ Kessler, Annakn, 1861, I 18 , 48 ; Zeitsch. a/al. Chem., 1863, X, ^29 ; 
mann, Btr., 1481, 14 , 779 « Zeit., 1897, 21 , 10)4 ; Willonz, Chem. Zenir., 

1800, L, 638 ; iBaxtor and FreveiW^w«r. Cj^m. J., 1905*34^109 ; Harrison and Perkily 

• he. cit. ; Birch, Iqc. cii . ; Hriend, he. cit . ; A. Muller, Stahl und Eiien, 1^, z6, 1477 ; 
Jonee and Jeffery, Analyst, 1909, 34 , 300 ; Hc*igh, J. Amer. Chem. 80c., 1910, 32» 630 ! 
Bacoebey, Amer. Cham. Soc., 1214, 36 , 1429 ; Brandt, Chem. ZeU., 4918, 42 , 433, 460, 
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of ferrous. The reaction hinges on the fad that stannous ^chloride 
reduces ferric chloride to the«d)lourless fdrouSsSalt. Thus : — 

• 2Fe^!l3-fSnCl2=3FeCl2+SnCl4. ® 

Concentrated hydrochloric acid is added to the iron* solution, the whole 
, raised to boiling an^ quickly tiijrat^ with sthnnous ^chloride solution 
until the solution become* colourless. 

« To determine the total iroi\ content,, tha solution is first oxidised with 
potassium chlofate, and the ferric iron solution! thus'- obtained titrated 
As abo^ic. The, difference bcl^ween two such detcnniiuitions gives the 
amount of ferrous 'iron. , • 

In ordeii that the results should be accurate, especial care must • 
taken to ensure uniformity of conditions.^ 

* Colorimetric Tests. — A sensiff/e test for iron consists in adding a 
small quantify of hydrazine sulphate to a dilute sohition of the iron 
salt to reduce it fo tl^e ferrous condition. Ammonia is now hdded in 
excess, and an alcoholic solution of dimeth^ glyqKime.-^ The solfltion is 
heated to boiling,* and then cooled- A ‘faint but detectable rose-red 
coloration is obtained in the presence of 1 part of iaon per 100,000,000^ 
parts of solution.^ • * '' 

This method may be applied in the gihtvimetric estimation of iron. 
Iron may be detected also by the yellow coloration produced in con- 
centrated hydroc4doric acid, 1 part of iron per 100,000 bfin^ observable. * 
The cotbur varies with the coT^centratiou of the acid, the maximum 
intensity occurring with 28 per cent, acid.^ 

Iron itt natural waters is Impiently estimated colorimetrically by 
means of the red colour producc^d by ferric salts with potassium thio- 
cyanate.® The iron is best oxidised with nitric acid, as tlfe results 
more trustworthy than when oxidation is effected with 
acid ®and potassium chlorate.® One part of iron in 
:s of solution may be detected in this manner.^ 

, A delicate reaction for ferrous iron consists in adding a solutiqp of 
sodium^ phospHfTtuflgstate, Hcidificd with hydrochloric* acid, to *the 
( solution suspected of contliining a ferrous salt. The whole is rendered 
alkaline with caustic soda, when a blue coloration is produced if a ferrous 
salt istpresent.®' Tliis rcactiofi is n«)rc delicate than that' with potassium 
ferricyanide. f « 

Colorimetric lacthods are oftci\ uncertain ini th»* presence of c<ippef 
saltls, but an, accurate mAhod has been worked out,® whereby 0-00002 

^ l^or (JptaMs 4 he reader is referred to text-booka,of analysis. « See„for example, Scott, 
Standard Methods ofHJhtrnical .4»ia/y«w,%2nd edition (Noiv York, 19ll^), p. 221. • 

• • Conveniently p^f^pared by dissolving Tib grams of the solid in a*Utre of 98 per cent. 

Alcohol. , *'* • t ^ 

® Tsbhugaev Orelkin, Ru^s. Phys. Che%. ^ 800 .^* 1914 , 46 , 1874 ; Ztitach. anorg. 
CAAn., 19l4, 89 , 401. ‘ • , * . 

^ HAttner, Zeilsch. anorg, Chim., 1914, 86 , 341* • 

} Proposed by ^era^th, /S'oe., 1863, 5 , 27. So/1 also Jafisilly, ilwZ/. i 8 oc. cAim., 

'lOfs, (4), Ig, 34 ; myer, Mon. Sci„ Hfl#, 3 , i. 81 ; Chtm. ZeU., 1912, 36 , 662 ; LungOi 
Zeitseh. angew. Chrm,, 1890, p.*S ; Schulze, uhem. Zeit., 1C93, 17 , 2 ; Zega, ibid., p. 1564; 
this volun^e, p. 230. \ a 

• Oothe, Zeitsch. Nahr. Cknu^sm., 1914, 27 , 676. % « * • 

« ^ Wagner, Zeilsch. anal.»OA«m., 1881, 2 % 349. C^paro £. £. Smitli (fiwf., 1880, 
19 , 360), who itates*! part in 8 , 000 , 000 . . 

• Uiohaudftnd Bidott J, Pharm. ChimJf 1909, ( 6 ), 29 , 230. 

• Gregory, TraKs. Ohem. Soc., 1908, 93 , 93. • 

* * 
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granv can be detected, in the presence of 0-2 gram of copper. 

The pciethod hingesT on t];ie violet colour* produced when salicylic acid 
dissolved , in acetic acid is added to ferric cl^oridc in the presence of 
excess of sodium acdtate. UndeF these*eohditi )ni» the depth of colouf 
is proportional to the amount of iron present.* 'Fhe blue or green colour 
of the copper, which might mask thcj*cd pioduced TiyV’* fhe iron, is first 
removed, where neotsSaryl by addftion of ^lilute potassium cyanide * 
solution. ^ ‘ , 

The red colouu producet^b/ ferric iroil with acetyl U^etone is recom- 
mended as the basis of a useful method of (‘stimatiitg the uu'taj colorb 
metricalljr^,^ . * • . . • * • * . 

, ^ In acid solution fcrreftis iron giv(‘s an intense bhu' colour with 
po&ssium ferricyanide — the so-called Turnbuirs bhu* (sec* p. 227). 
The intensity of the colour is so gre»t that one part of iron in 500,000* 
parts of soUitior^can he detected.- • 

Iron Ynay also be dctcTinined electrolytically.*’ 

• • t • * *• 

^ Pulaifer, J. Amer. Chem. /Woe., IDOt, 26, 5)»)7. 

® Wagner, Zdtsch. anal. Vhem , ISHI, 20, 

® See ClasseA Her., 1884, 17, *2 1(57. See also tins volume, )»]). ‘.H 99. 

• • • 



NAME fND^lX.; 


Abel, 105. 

Abt, lie, 117, 145. • * 

Accame, 148, *49. 

Ackworth, 53. ♦ 

Adoney, 41. 

%Ader, 58. 

Adhikary, 01. i 
Adie, 52, 206, 20T, 217.^ 

Adlam, 215. , 

Ainelie, 41. 

Aitchibon, 55, 71. 

Akermann, 1 10. 

Allaire, 241. 

Allen, 11, 58, 138-140, 142-144, 
Allmand, 49, 154. 

Almkvist, 124. 

Alvarez, 00. ^ 

Amberg, Jl^l. 

Anderson, 127. 

Andreae, 147, 148. 

Andrew, 44, 54. 

Andrews, 49, 60, 170. 

Ans, d’, 117, 159. 

Anaaldo, 14^ 

Anthony, 168. 

‘ Antony, 99, 100, 130, 17^ 
Arbeitor, 139| 141, 143.* 
Archibald, 30. 

Ai^fto-y^bki, 110. 

Armstronn, 5.3, 121.*^ • 
Arnold, 71, 195. , 

•Arnoldi, 2jrK 227, 2^. 
Aronheini, In. 

Arth, 18^. • 

Arvfedson, 132. 

Araruni, 191-193. 

Aatorr, 48. 

Aten,fc9. 

Athanaacboo, 101. 

Auerbach, ^1. * « 

Austen, «3.- * 

Auftanrieth, 217. 

Averkie'j^, 80. 

BacHmann^ 127. 

Baoldund, 239. 

Baenvald, 191. 

Balfow, 127, 

Baker, 216. 

■iAhke, 26, 168,J100, 1,61, 

Ball, 12. 

Bi^oroft, 122, 123. ^ 

Barab, 126. t 
Barolay, 36» 

Bardt, SO. 


174. 


Barker, 41. 

Barneboy, 246. ^ 

Barnet, 7.X 74. 

Barre, 106. 

Barrett, 41, 42. 

Barrow, 21. 

Barteozko, 87, 89. 

Baschieri, 131. 

Baskerville, 81. 

Baskovf 89. ^ * 

Bassett, 99, 216. 

*l^a8tiok, 105. 

Batlibti. 128. * 

Baiuhstdi, 244, 

Baudnfn^>nt, 37. 

Bauer, 19, 70, 73. 

Baunihaiier, 150. • ^ 

Baur, 81, 111, 114, 118,fl73. 

Baxandall, 41. • 

Baxter, 43, 05, 00, 246. 

Baykoff, 190. ^ 

B6chainp, 104, 107. 

Bee hi, 29. 

Becker, 132, 134. 

Becqtierel, 184. « 

Beetz, 55, 57. 

Behn, 40. 

Behr, 43. 

Beilby, 173, 174, 

Beilstein, 194. 

Belck, .55, 

Belloc. 43. 

Bollucci, 154, 179, 181, 204, 222. 
Boiuinelen, van, 122, 126, 127-130, 
Biimont, 203, 206, 207, 215, 218, 225» 231. 
Bcnedek, 141^ » 

Benedicks. 11. 43, 197. 

Bennett, C. \V., 57. 

Bcnnetl>. (4. M., 206, 214. 

Bennewille, de, 50, ©9. « 

, Bonrath, 84, 101. 

1* Benson, 82. 

Bcnt,*;0, * 

Benz#an, 220, 225. 

Berger,*! 84. 

Bergfnann, 56> 66. 

Berkeley, 208:220. • 

Bemheim, 124. 

I* Bernoulli, 39. 

Bertels, 100. • 

Berthok)tJi2, 106, 114, 133, 207, 216. 

I 4?ertheino5 104. • • 

Berthiep, 14, 11#, 146. • 

Berthollet, 145, 167. 

Berzelius, «4, 89, ^,*262, 206. * • 

248 • 



♦ NAME INDEX. 


24 


Besdtoroflkow 13. 

Besson, 95. 

Bette, 212, 220-222. 

BeftteU, 190, 191. 

Beutner, 209. 

Beyer, 109, 112. 

Beyerinck, 142. • 

Bhaduri, 222,* 230. 

Biddle, 83. 

Bidot, 246. 

Biesalski, 205, 214. • 

BilUter, 126. 

Biltz, 91, 95, 105, 107, *124, 120, 127, 
164. • • • , 

Jlinder, 154. 

Bineau, 111. 

Birch, 245. 

Birnie, 61, 63. 

Biron, 94. • ^ 

Blaas, 148, 166. 

Blase, *194. , . • 

Blanc, le, 65, 58, 60. 

Blount, 22. 

Bloxam, 131, 224. \ 

Blum, 1.54. • 

Bockh, 25. , * 

Bodcnstein, 1.58, 

Bocke, 29, 92. 94, ^33, 134. 
BogdanowitsHjg U!. • 

Bogomolny, 35, 36.* 

Boiret, 154. 

Boisbaudran, dc, H9. 

Bolaa, 150, 167. 

BftlschakotT, 106. 

Bone, 12^. 

Bong, 235. ^ 

Borigiovanni, 236. 

Bonncrnt, 46|48, 117, 174. 

Bonsdorff, 149. 

Borck, 130, 131. 

Bordeaux, 17. • 

Bormann, 39. 

Bomemann, 135. 

Bomtrager, 119. 

Boswell, 124. • 

Bouclionnet, 115. 

I Bouaouard, 44, 118. 

Boilfrgeoia, 192. 

Boumon, 27. 

Boussingault, 24. 

Boutmy, 65. • 

Boutzoureano, 169? 

Bowman, 164. • 

Braoonnot, 60 l 
B radford, 115" 

Braithwaite, 118. 

Bramley, 237. 

Brandt. 116.245. , 

Brann, 177. 

•Braun, 221. 

Brawie, 173, 174. 

Breithaupt,i£l, 23, 24. , 

Brewste*, 147. 

Breymenwr, 36» 

Brieger, 82. 

Brieileb^473. • 


133, 


Briggs. 204-208, 212-216, 222, 22 
Bi4<k), 79. 

Brogdon. 22. 
l^onicwrti, 4^ 

Brough* 2. 

, Brown, A. P., Ul. 

P Browi^ J. C , 208, »ltl. 

^ Brown. .1. H.,*112. 

Brown, 1). W.. 37. 

Briiwn, VV., 40. 

Browning, 202-20/, A17, 229. 
Bninncr, 135. * 

Bi|ihns, 27, 116. • * 

11-unok. 123. 

Brum, 134. » 

Brunner, 136. 

Bruno, 53. 

•Brush. 27, * # 

Bruyii, Lohry de^59, 6(k 
Huchanun, 1^4.5. 
ifuohhoek, 2<f3. 

Buignet. M6, 

Huisson, 4 1 . 

Bunson, 142. 267, 212, 219 
Burdick, 1.37. 

Biirg<'.s.s. 3(). 38. 42. 

Burke, 92. 9(), 104, 105, 112, 121. 
Burnliain, 57, 

Burns, 41. 

Burrows, 229, 231 
Burton, 208, 

Buh7, 27. 

Butl. r, 27. 
livers, (>0. 

Byk, KM). 

Bykoll, 42. 

rATLI.KTKT, 43, 46? 

Cam, 236. 

Calvert, 77. 

Camb}, 1.34, 17D, #811^235, * t 
Caniero«, 125, 160, 161, 177. 
Campbell, 46, 129, l(?6. 197, ‘^8, 
Capitame, 34, 37. 

CarHiH, 87, 107, 297,^25. < 

(*Hrl 1,^28 

. Carnegie, 83, 84, 104. 
f Carnelley, 95, ^5,^22, 127. 
j Carnovaln 48, 179. • 

(^aroff, 113. 

Cur[ienter. 38, 43, 49, ^B.^IO^. 
^artaud, 9, 37, 43. • * • ‘ 

Carulla, 4. 

Castellanff 22. 


Cauise, ^)2. 
Cavalli,231. ^ 
CavazzF, 141. 


Cuven, ■», 186. , 
kCgcchetti, 181. 
Cederholdi, 70. 

CamfiH, do, 133, 17^^. 
Cealiro, 27. • 

Chalmo? 238, 239. 
Chappell, 38, 40. * 

Charpy, 46. 48,^17, 17- 
Chaasevant, 94. ■ • 



260 


, IKUW AJNil UTSj 6 


Chateau, 65. 

Chatelier, le, 40, 42, 43, 111, 114, 120^ hB3, 
182, 183, 201, 239. 

Chaudron, 48. ** 

Chikashlge, 10. 

Chofnacki, 106. 

Chr6tien, 128, 207. • 

Cferistonsen, 89. 

Church, 24, 27, ?9. 

Cltrk, 25, 60. 

Clarke, 28, 29. c 
ClaBsen, 247. 

Claus, 231, 536. « 

Clausmann, 50, l98. ^ 

>Cobb, 66, 71. « 

Cohen, 11, 12, 126, 148, 187. 

Q?hn, 230, 237. 

Colani, 187. ^ * 

Coleman, 212, 220^ 
cCollins, 24. ' 

Colson, 39. 

Condrea, 121. 

Conduch6, 147. 

\3onover, 133. 

Conroy, 63, 219. 

Cooper, 96. 

Coulson, 36. 

Cox, 19. 

Crafts, 96. ^ ' 

Crenshaw, 138-144. 

Crow, 41. * 

Crombie, 126. 

Crookes, 220. * « 

Cross, 122. 

Gumming, 83. 

Curtmau, 124, 193. 

SOusaok, 184, 239. o ^ 

Cushman, A. & , 70, 72. ‘ 

Cushman, B, S., 1 83. 

DaiIts, bl9fc 
Dammer, 235. ^ 

B^amour, 27. ‘ 

Dona, 12, l|i,^26, 144, 171. 

Daniell, 6g. * ^ 

Darapsky, 26, 26. 

Darrin, 60. 

Daubr^, 130, 142. 

Davies! 122. 

Davis, 34. 

Day, 3. ^ 

Debray, W9, 113, 1^4,486. , 

Delawharbonny, 154. «. 

Dfmel, 178. 

Denig^s, 504. , 

.Dennfc, 183^ 

Depretz, 173. 
iJerb^ 107. 

I^esofi, 4. , 

Desofoiseaux, 220. 

• fitsateemx, 164. 
b Deussen, 89. ^ ^ 

DevUle, 43, 48, 55, 94, 95, lU, ll6, 119, 
184. . 

Dewar, 38, il, 199, 200. ^ 

Diokj 21. ^ , 


Dioksou, 124.* 

Dieckmann, 50, 118, *190. 

Diefenthaler, '218. 

DiVer, 13. 

Ditte, V)8, 176. 

Ditz, 99, 136. ‘ 

Divers, 111, 1Q6, 168. , 
c Dobbin, 192. , 

Doby, 14. . 

Doe^ereiror, Ibi, 217. 

Doelter, 1^7, 138, 143. t 
Doerinckel, 128. . ^ 

Donald, 121. • 

Dohath, 77. * 

Donau, lls!* 

Donnan, 99, 224. 

Doroschevski, 80. 

Dorrer, 84. 

Doss, 140. 

Drugman, 27. 

Duclaiix^l28, 209. 

Dudley, 26, 65, ^2.1 
Dufot, 212, 240. 

Dulo6g, 40. « 

Duhiansky, 126, 127, *128. 

Dumas, 66. 

Dunn, 93.*^ 

Dunstan, 56, 67, 70, 75.^ 

Duparc, J^4. 

Dupasquior, 87. 

Dupr6, 236. 

Durocher, 143. 

Eakle, 19, 26. 

Ebel, 194. 

Ebelmen, 130. 

Edcr, 85, 221, 223, 2^1. 

Edwards, 204, 221, 222. 

Efremoff, 42. 

Ehlert, 201. « 

‘Eidraann, 132. ‘ 

Einl>eck, 103. 

Elliot, 129. 

Ellis, 19, 82, 137. 
kElsnor, 117. 

Elten, 146, 146. 

Emszt, 25. 

Engel, 98, 99. ‘ 

Ennos, 81, 152. 

Ensgrabv, 162. 

Ephraigi, 89, 103, 1Q.4, 107. 

Ercolini, 61, « ' 

f V]rdmann, 64. • 

Ereminf 160, 168. 

Erlonij^eyfer, ]^5, 187, 188, ^3. 

‘Easnor, W, 160. 

Etard, 92, 106, 160, 168, 166, 203, 206, 
207, 216, »16, 218, 226, 231. 

Ettling, 21. * 

Evans, E. J.iiJ84. 

Evans, J. W., 22, 138. 

Everitt,^lL 226^ 

Rversheim/vtl. 

Ewan, 128;, 213. • 

Ewen, 40. 

Ezner, 41. c 



NAME INDEX. 


25] 


Fabbb, 168^169. 171. 

Fabry, 41. * 

Faktor, 137. 

Fafbke, 49, 111. < 

Falk, 208, 220. 

Falke, 196. 

Faraday, 56, 66, 67. 

Farrington, To. i 

Faust, 60. • 

Fechner, 60. 

Feen, van der, 128. • 

Fehling, 192. * 

Feist, 202. * 

Feld, 140,166, lOt. ’ 

^^ton, 68, 79. • 

F6r6e, 63, 110. 

Fernekes, 219, 222. 

Ferrand, 189, 19(L 
Findlay, 57? ^ 

Finger, 41. 

Finkefctein, 69. , ^ • 

Fireman, 95. • 

Fisohor, 82, 122, 123. 127, 128, 220-225.* 
Fisher, 26, 208. 211. \ 

Fizeau, 117. * * 

Fladc, 57, 60. , • 

Fletcher, 11, 24. 

Fleury, 62, 107. , 

Flight, 10, 26; 27^29. • 

Florentin, 160. • 

Fock, 167. 

Foerster, 68, 60, 19B. 

Fonzes-Diacon, 168, 169. 

^oto, 10, 15, 127, 128. 

Forbes, f8. 

Forcrand, dc, 147-15^. 

Fordos, 146, 167. 

Forsberg, OOa 
Forster, 96, 131. 

Foster, 216, 223. • 

Ffl^ler, 62, 91# 121, 174, *175. 

Fownes, 217. 

Fox-Strangways, 21. 

Fraenckel, 147-150. ^ 

Fraenkal, 9. • , * * 

Fra^k, 198. 

Franz, 160, 166. ^ 

FraUzen, 92. 

Frauenberger, 68. 

Fredenhagen, 68, 69, 223 
Freer, 63. , • 

Freeze, 183. * 

Fr6mont, 37. • 

Fr6my, 174. ^ 

Frenzel, 144. 

Fresenius, 87. * 

Freund, 203. 

Freundlioh, 126. , 

Frevert, 245. 

.Friedel, 10, 16, 96, 1 16, 190, €03, 232. * 

Friedrich, 133, 169, 190, 200. 

Friend, 1, 47, 48, 54, 01, 67,7%^76, 110, 

113H9i, 206,229, 245. • # 

Frilley, 238. • • 

Frisober, 83. 

Fzit28ch«,*94, 98, 99,*\|^2. 


Fuchs, 13, 37. 

FiAachi, 27. 

Fuller, 4J. 

^nln 17d. , 

• 

Gaab, 84. , 

•Gabble 101. 

Qamc8,77. * 

Gallenkamj), 218. 

G<^tier, 60, 113, IjO, 132, 133, 185, 1 
Gay, 93. 153, 178. • 

Gedel, 132, 136.* 

G(|j, de, 60. • * • 

Ghitiier, 1^0. 

G6Ii8, 145, 146, 167, 168. • 

Gemachcr, 143. 

Gouth, 23. 

•Gorstcn, 111,*1 14, 195, I'd!. 

G(»uther, 90, 173., • 

(bbbs, 21. . 

Gigh. 160, IT!, 217. 

Giglio, 99, 100. 

(iili, 19. 

(Jillft, 222, 224. 

Gin, 18. 

Gintl, 212. 

Giohtti, 48, 128. 

Girardet, 91, 174, 

(jladstoni', 199, 23<). • 

lllat^ssner. 111. 114, 118. 

Glaser, 49. 1 10, 113, 1 18. 

(datzel, 140, 189. , 

GImka, 28. • 

Gbxelb. 127. 

Gmebn, 28. 

Gobk'V, 99. 

GoeckV, 197. , ^ 

Goldaberg. 24. * 

Goldsebmidt, 57, 143 
Goodchild, 17, 

Goadaon, 41. • 

Goodww, 100. 9 

Gooh, 41. • 

Gordon, 60 
Got% 42. • 

Gorgi^, 1 13, 130, 

Gothe, 246. • 

Gouldnjg, 67, Ip, T). 

Gowland#2. , 

Graofle, 123. 

Graftdyk, 41. ^ 

Graham, 43, 93, 20J. 

Graham, 11. P. D..27. 

Graihch, >1. 

GraBger«183. 

Grant. 121. • 

Grave, %8. 

Greeff, 8t, 103. ^ ^ 

^tjjyeon, 80. ^ ' 

Green wodd, 39. 

GregJ^ry, 246. , 

Griffitli^ A.iB., 164. 

Griffith#, 48. 

Griffiths, E., 39. * 

Griffiths, E, H.,»39. 

Grimaux, 128. • • 


t 



252 • IRON AND ITS COMPOUraS* < 


Grdger, 135. 

Groth, 133, 105. 

Groves, 65. 

f Gnibe, 00, 216, 223. 

GrOnewald, 95. 

Grfltzner, 184. 

Gruhl, 192. 

Cmareschi, 230. 

Guertler, 238. * 

Gilibourt, 61. 

Guignet, 226. 

Gufllet, 36, 47. 

Guinohan?, 207. ^ 

Guntz, 175. 

"■ Guyot, 89, 103. • 

t HUbbb, 64, 56, 57, 60, 216. 
Haberrnehl, 143. • 

Haohmeiater, 95, 102. 

^aokspill, 96. 

Hadfield, 3, 4, 38. 

Haga, 111, 166. 

Hagomann, 50, 119. 
ffaguo, 27. 

Haidinger, 23, 26. 

Hainswortli, 36. 

Hall, 3, 61. 

Hallopeau, 132. 

Hambueche», 36. • 

Hammick, 110, 113, 119. 

Hapnpo, 124. 

Hanaman, 60. < 

Handcook, 3. 

Handy, 62. 

Hanemann, 174. 

Hannay, 149, 150. 

• • Harder, 19! 

Harding, 42. . 

, Hardy, 126. 

Harder, f33, 40, 

Harkins, 21<G, 220. 

Harp!, 60. <- 

Harrington,,^. 

Harrison, 246! ^ 

Hart, 61, 412. 

Hartley, 20, 27, 205, 208, 215, 220. 
* Hartmi^n, 41. ' 

HartogM74, 176. 

Hasohc^, 41. 

Hasalinger, 134. 

Hatfield £0., ' V 

Hatton, 82. 

Hau*, lie. 

Haude, 2^. , 

Haaser, 114, 202. 20(5,<«U. 
•Hausiiaim, 18, 176, 177. 
HautefeuiUc, 43, 187, ISi 
Skad^n, 190. 

Heald, 43. y*. 

Heathoote, 66, 68, 60. 

14. 

' oHeine, 223, 226, 227. 

Heldt, 60. 

Helmolt, 60. 

Hempel, 201» ^ 

Hen^eoh, 41. 


I Henderson, 146, 173,^174. 

Hendri^son, 5^. 

Henglein, 23. 

Hensgen, 149, 172. ? 

HerapaHi, 246. 

Hermann, llJ,' 

I liarnandez, 13?r. ' 

*H^iTmann, ^3, H 2 ^ 103. 

Herschel, 60. f 
Herts, ^5f 
Hetcren, van, ^6. 

Hewitt, 84. 

Hcyfienreich, 185, 186. 

Hoydweiller, 152. 

Hoyn, 4.3, 70, 73. 

Heync, 94. 

Hicks, 35, 37. 

Hidden, 28. . 

Hiendlmaier, 225, 226, 228. 

Higley, 63. 

Hiki, 10. c „ ( 

Hilditcfi, 121. 

Hillebrand, 26, 171. 

Hilpert, 4^, 50, 109-1,^8, 129, 190. 
Hinrichaen, 103. 

Hisingor,*94. 

Hittnrf, 59. 

Hodgkinaon, 121. , 

Hochtlen, 223, 227. 

,, Hoeltzonbein, 41. 

Hoffmann, G. C., 11. 

Hoffmann, J., 94, 240. ' 

Hoffmann, It., 212. 

Hofmann, 147, 159, 179, 180, 182, 202, , 
205, 223, 225-228, 230, 234, 235. 
Hogborn, 10. 

Hogg, 56. . 

Holmes, 186, 192. 

Holms, 114. 

.Honda, 42, 43,’* 11 3. 

Hooper, 25. 

Hoover, 66. 

Hopfgartner, 64. 

Horn, 25. 

Horsford, l84. . 

Horatmar, 130. 

Hoatotter, 66, 1 13, 117, 118. 

Houdard, 135. 

Hough, 245. 

Howe, 47, 85, 164, 165, 208. 

Howell, 10. 

Hufner, 153. 

|,^Huttner. 246. 

Huttig.'Ol,. 1<^, 107. 

Hughea, 36. « 

Mulett, r21. 

Hull, 112. 

Hurff, 83. 

Hurst, 18. ^ 

Hussak, 15, 24, 28. 

Hutchinson, 20. 

Huttner^9^153. v 

IgslstrOm, 20. 

' llinski, 244. 

Indra, 77. < 



* NAME iNDEX. 


inosTiza^ei9 
Ipatieffi 861N ^ 

Xsapibert, 60. 

Ib\uU, 194, 

Ja-cks^n, 39, 107, 14? 

Jaffo, 100. 

Jaraieaon, 11^ 77, • 
janicki, 41. 

Jassilly, 246. • 

Jassonneix, du, 240. 

Jeffery, 245. • 

Jellinek, 63. 

Jensen, 229. , 

Je2ek, 19l 
•Ifannis, 206-208. 

Joassart, 218. 

Jodin, 85. 

Jodlbauer, 85. ^ 

Johnseii, lIs. * 

Johnson, 44, 188. 

Johniton, 11, 24, l38-k44i| 

Joly, 152. 

Jones, 199, 200, 216. 24.5. 

Jordis, 82. • 

Joules 62. 

Jouve, 238. 

Jovitschitsch, 17. 

Jowett, 67, ip, 75, 

Jufereff, 100. ^ 

Jurisch, 44, 60, 17Ji 
Just, 201, 224. ^ 

Kachlek, 91. 

,ltahlbauin, 38. 

Kahlenlterg, 84. 

Kaiser, 144, 14.5, 1.59. 

Kane, 149, 212. 

Kapellcr, 811 
Karavglanow, 162. 

K^sner, 221, 223. . • 

Kato, 217. • 

KaUer, 26, 29. 

Kaufmann, 114. 

Kaye, 40. 

Kayser, 41. • 

Ker, 62, 55, 56, 50. 

K^ling, 38. • • 

K^berg, 42. 

Keller, 41,51. 

Kellerhof, 221. 

Kendall, 17. . • 

Kennedy, 197. ’ • 

Kenrick, 158. 

Keppeler, HI. 119, 120, 159^.» . 
Kessler, 244, 245. « , 

Kestner, 66. 

Kettner, 60. 

Eamball, 17. • 

Kimmins, 108. 

. Kinch, 27. 

Kii»g, 3, 41. 244. 

Kirschbrailn, 174. 

KUtiallbwJky, 60, 218^ 

Klein, 36. • 

KJobb, 162. 


Klobbie, 122, .123, 129, 130. 
Kliiss, 167, 168. 

KA^tke, 39. 

Knorre, yon, 244. 

Kocb, 60? • 

Koenig# 14. 

Konigsbergei, 5J, 13J. 

• Kopptn, 87, 00. • 

Kohlmcver. lf3, lUs 117, 129. 
Kohlscnutter, 178. • 

Kphii, 37. 

Ki.lb, 20. • 

Kolthoff. 215. • 

Kbniar, Kil. • * 

«oninek.*de, 106, 218. 

K<)n.Hchegg, 134. 

Kon.stuntiii(»ff. 103. 

• Kopp, 149, 227. 

» Kovuf, 28. • 

KrnlTt, 216. , < 

Krnft, 128. 

Krassa, 57.^ 

Kratz, 126. 

Kraus, 24. 

Knuiiann. 36, 02, 

Kroiners, 20. 

Kruss, 236, 237, 

Kruiulihaar, 173. 

Krutwig, 121. 

Kuhne, 140. 

^KusjHM't, 47. 

Ku.st<*r, 52, 157, 

Kuhlniaiiii, 220. 

Kuhii, 184. 

Kuiidl, 11. 

KunlolT. 128. 

Kuniakoff, 103. 

K\m.stiik, 78. • ^ 

Kyd, 228. 


l.AnoKDi., 103. 

• L» hau(l, ll6f 1«,^)6. 

Lalkumoid, 117. # 

Lambert. 34, 58, 61, 70, 177. 
Lamv, 220 . 

• La%i.>ll, 38, 152* 




i.an<^ 1, 41. 

Langdim, 60. • 

l.anger.flOH. • 

Laiwn, 143, 144. 
Lasehtschenko, 42. ^ * 

#l..aiJiiay, de, 13, 17? 


Laurent, 114. 
Lobeau.tS, 50, 2.31 
Le0herg4O. s # 

Lce.wg:233, ^34® 
Ixidermr, 44, 45, o2. 


Lee, 36* # < 

^^befort, 103, 11^ < 

Lehmanti, 41. 
Lci^eier, 25. * 

Loraoii|e, 85, 99. 
Lenortftani, 106. ^ 
Lenz, 36. 

> Leonard. 41. • 



• IttON AN1> its OOMfOtMcfe.* 


Lepierre, 116, 162, 166, 171, 172. 
Leaooeur, 92, 107, 108, 160. 

Lettormann, 48. ' * 

Levi, 61. 

• Ijcvin, 38, 40. 

L6vy, 27. 

Ley, 236. . w 

Li, 36. • . • 

l!iebig, 90, 109, 111, 113, 115, 149,^06. 
Lightfoot, 191. • 

Lifick, 132, 133, 157, l(\0. 

Linder, 128. 

Lirfdstrora, J143. 

Lipschitzf 134. - 
List, 129, 130. 

' Little, 169. 

Livoing, 41. 

Uubavin, 198. 

Locke, 156, 164, 465, 204, 22!, 222. 
Lockeniann, 124. f 
•Lockyer, 33, 41. 

Loozica, 141, 191. 

Loobu, 132, 134. 

Loowenhorz, 47. 

Borenz, 132, 133, 190. 

Louis, 3, 21. 

Lowndes, 121. 

Lowry, 38. 

Luca, de, 117. ^ 

Lucius, 124« 

Ludert, 187. 

Lii^tig, 41. 

Lunay, 9. 

Lunge, 120, 246. * 

Lussac, Gay-, 112. 


• • 

Martena, vdn* 67, 60. 

Martin^ 161. 

Martin: J. S.* 16. 

Maakeleyne, 27, 29. 

Mathers, 37. • 

Matulaf 127. 

MatU8chek,'l6i. 216,' 217, 223, 224. 
M^umene, 64.' • * 

* M^xirnowiftch, 

Mayer, C., 115,f!27. ‘ 

Mayer* 01* von,V2, 246. 

Mecklenburg, t24, 136* 137, 214, 224. 
Mecs, 86. 

Memeke, 244. 

Melczcr, 14* 

Melville, 11. 

Meneghiiii, 130. 

Merrill, 10. 

Mcrwin, 17, 122, 123, 12«^ 

Messner, 210, 211. 

Metzke, 192, 193. 

Mcunicr,f23, 17 V 
euri(4:, 220. 
cuthon, 195. 

Meyer, 80, 81. 

Meyer, V., 90, 95. 

MichtM*l,*U0. 

Michel, 128, 216. 

Miers, 149. 

Migliorinir/ 51. 

Milbauer, 117, 158. i 

Miller, 91,96, 208, 211, 220. 

Millon, 81. ' 

Milloscvich, 25. 

Mills, 109. 

Mitschorlich, 119. ** 


Macalister, 3. 

« MaoArtburt 81, 162? 

M‘Bain, 81. * . 

^ Mllhiney, 81. ' 

MaqV^urin, 135. 

M‘Leod-Br((Hvnf 60. * * 

Mackintosh, 25, 28,^161, 245. 

Maddrell, 188. 

Maey, 193. ^ 

MagnaninL 236. 

Mailfert, 126, 131. 

Maitland, 60. 

MalaguHi, 117. 

MalfatM, 134, 135, ?36. 

Malfitano, 128. 

MaUard, 16. , ’ , 

Mana880,l5, 168. * 

Mandhot, 14, 67, 78, 73. 82, 93, 161, 18,5. 
Mangi'i, 1<^, 130, 163,, 154. 

Manley, 63. ^ » 

MobmIj'-SL ‘ r 

Marchand, 64. 

M^rol^wski, 179. ^ , 

Marggttet, 17V 187, id8. 

Marie, 178. 

•Mhdignao, 16, 87„89, 149, 167. 

- fcMarinkovid, 64. < 

Marpnneau, 183. * 

Marquis, 178. 

Mar^, 76., 


Mixter, 109, 111, 114*120, 1.3.3, 141. 
Moeser, 130, 131, 132. 

Mohr, 98, 102, 103, 1.54. * 

Mohs. 11. 

Moissan, 11, 3t), 50, 60, 63, 106, 109, 110, 
‘ IW. U7, 118,' 1.55, 195,M96, 235, 23«, 
240. 

Molisch, 124. 

Mollina, de. 131. 

*Mond, 198, 199. 

Montelius, 4. 

Monternartini, />3. , 

Monthiers, 227. 

Moody, G. T., 70, 71, 77. 

Mood}', S'. E., 152, 160. 

Morahtf 236, 237. * 

Morgan, 60, *141. * 

yivlorgans, 20. 

/ Mosand^r, 4:i},112, 114. 

Mourea, W). , 

Mou88on,'68. 

Muck, *123. 

Miigge, 112. 

Muller, A., 36, 128, 246. 

iJlullor, E., 601 81, 209, 218, 222, 226, 227. 

Muller, F C. G., 44. 

Muller, 2^11, 224. 

M:5ller, P. 'ft, 95. „ 

Muller, W. J.. 67,»o9. 

^ Mugdan, 60. 



‘ • NAME INDEX. 


•255 


MuhUDaim, |8. 

Mulder, <159; 

MuUer. J. A.. 232-234» 
Muraford, 19, 81. 
MiAnmery, 79. 

Munroe, 116. 
Murmahii, 155. • 

Murphy, 110. • 

Muspratt, 145, 169. 
MyUus, 195, 196. 


Nabl, 237. • 

Naccari, 40. * 

Nagel, 20. 

Naske, 238. 

Neal, O’, 164, 165. 
Neidle, 126, 245. 
Neogi, 3. 

Neumann, 43, 10^ 
Newth, 63. * ^ 
Niokles, 89. 

Nicol,el44. 

Nicolardot, 125. 

Niggli, 240. 

Nikon, 91, 160, 169. 
Noad, 56. 
Nordenskiold, 11. 
Nordrnoycr, 39. 

Norlm, 61. . 

North, 50, in), 11^ 
N 088 , 92. 0 

Noyes, 35, 80, 84, 177. 


Oberiioffer, 40, 19.5. 
^O^chsiuM’, 128. 

Ogura, 4f . 

Ohrnann, .50, 61. ^ 

Ordway, 60, 99, 104, 107, 176. 
Orelkin, 246.% 

Orlov, 84. 

Osaiin, 58. • 

Od^omi, 9, 37^43. 195. 
Ostwald, 60. 

Otto, 187. 


Paal, 63. • 

Pad^erg, 167. 
m Padoa, 134. 

Pa#, 81. 

Palache, 28. 

Palla, 142. 

Palmer, 20. , 

Pappada, 126, 209f 
Parker, 38. • 

Parravano, 133. 
Pascal, 85, 18)^ 189. 

, Paterson, 157. 
Patterson, 13. 
Paturcl, 154. , 

Pauckc, 124. 

J‘aul, 68. 77. 

Pauli, 127. 

Pauling, 51^ 

Pavel, li8-*81. 

' Peaiee, 216, 224), 
Pebal, 219. 

•• 


Peligot, 34, 178. 

Pellat, 39. 

Pe»i#i, 130. 

Pellizzary 125. 

IJploMze, lf36 , 

Penliel(4 15, 26, 2' 

Penny, 244. , 

• Penrods 22. 

Percirk, 230, 

Perkin, ^45. 

Peikma, 54. 

Perry, 41. 

Pesci, 101. • 

Pti^erke, 41. • * 

miens, 81f, 150, 20s. 209; 220, 222. 225, 
231. . 

Peterson, 88. 

, Petit, 40. 53. 

•Peine, 3. * 

IVtlenktder, 104. 

Petteisson, Iw). 

l^alT, 35, 36> 

Pfeiffer, 106. 

PfordtiMl, 14. 

Phalen, 13. 

Philip, 237. 

Plulhps, 27. 55 , 95, 104 
Piei*aid, 229. 

Pieeini, 83. 

Pi< k, 54. * 

Piekenng, 85, 158, 161. 

Ihctot, 38. 

Pielon, 128. 

Piguel, 36. • 

Pidiu hon, 40. 

Pi ram. 40. 
pH.'iiii, 25, 

PiHatslievskl, 81^ 

Piiitli, 205. 214, ?22. 

Plattnei, 24, 132. 

Playfair, 228 

• Pli4iy, 5 

Pluoken 117. ^ 0 

Pluddeiiiann. 159. 

PlurnnuT, 111. 

• Pus4il, 23, 139. • 

Pollit^ 120. 

Poliok, 41. • 

^ Pop(»ff,^6. % * 

P(tiozinHl%', 178. • 

PurU^iii, 47. 

Portlier, 95, ^ * 

lioMiijak, 17, 122, 1?3. 

Pouget, 194. - • 

^Pouillet, 38. 

Pou](L*nc^7, 88. 

Poumfiixede, 

Powis, i27. 

Pratt, 131 26. , 

M^jecht, 29. 

Preis, 13^. 

PrepfN^r, 48. 

Preuss, il5.. 

Price, 8t. • ^ 

Prideaux, 26, 73. < 

P Prior, 15, 22, 23P, 28, 143.^4 



Prudhomme, 223, 229^ 231. . 
Przibylla, 175. 

Pulsifer, 247. 

Puxeddu, 101. 

0 

Quadrat, 158. 

Quincke, 198. 

Rae, 164, 165. 

Kaikuvv', 125. , 

Piamagc, 20. 

Kamann, 56, 61, 62, r 
RsmiJielsborg, 10, 15. 2.3, 25, 

I / T 7 


1KOI5 AKD ITS eOMKiCKDS.. 


108, 


148,»167, 184, 191, 207, 221, 

Bainsay, 122, I27. 

Randall, 41. , 

Randolph, (K). 
i^aoult, 163. 

Raschig, 153. 

Rath, 26. 

• Rathert, 60. 

Raumor, 19. 

Ray, 81. 

Ray, 224. 

♦layieigh, 152. 

Read, 71, 117, 105. 

Rocoura, 88, 89, 168-161. 

Reeraann, 207, 225. 

Rognault, 40, 133, 149. 

Regnon, d(^ 68. ^ 

Reichard, 191, 192, 230. 

Reichenheira, 139. 

Reinhardt, 120. 

Roinisch, 28. * « 

Roitinger, 16. 

Romsen, 63. 

Renard, 15, 56. 

•Rosensohock, 226.* , 

Rotgers, 132,^.47, 149, hoo. 

Reynolds, 44, 4®, 201, 224. 

RoYno.^0, 212. 

Rll)an,23i • . . ( 

Richards, 34, 39, 65. 

•Riohaud, 246, *' 

Rideal, 78.’^ 

Ridenoui^ 188. ' , , 

Rindfusz, 186, 192. 

Rliine, 29, 133, 134. ^ 

Rivot,P64. 

Robofits, 47. , , 

Roberts, W. C., 38. 

Robinson, 125} 160, 177, 207, 208, 
2 18^ ‘22b. V 

RoWquet, 202, 207. t 
^oochi, 82. 

Rodt, 1^, 137, 14Q\ 

IR)hl*136. •" 

Rogers, 2(k 129. 

*RoMtadiu8, 173. 

Ro^art, 161.J, 

Rohrer, 84. 

RuUa, 148, 149, 

Roloff, 85. 

R<;^agliolo, 171. 

Booaeboom, 97^ 98, 99, 102. 

Bosooe, lOa, UK 220. ^ 


145, 

p2. 


212 , 


A 


Rose, 26t 131-133, 183, 184 
Resell, 131, 132. 

Rosenberg, 178-181? 

Rosenheim, 189, 236, 237. 

Rpss, 41, 85. ^ 

Rossignol, le, 224. 

Roth, 144. *0 ' 

Rotter, 155. e 

Rousseau, (104, 124, 241. 

Roussin, 123, j 8, 181. * 

Rubies, 2 4. 

RudleV, 2g • 

Rubenkanip, 115, ^7. " 

Ruer, 43. ^ 

Rifff, 39, 103, 111; 114, 121, 128, 195, 196. 
Russell, 117. 

RushcU, E. J., 154. 

Ryss, 35, 36. 

Saban^jeff, 128. 

Sabatier, 49, 61, 61, 92, 96, 98, 99, 102, 
110)17.5. c 

Sabatini, 204, 222. 

Sachs, 26, 179. 

Saolrsel, 103. 

Sarhsen-Voburg, von, 144, 

Saokur,<)0. 

Sarnstrom, 110. 

St Edine, 58. 

St tidies 122. 

St John, 124. 

Saklutwalla, 38. 

Samoiloff, 17, 19. 

Santi, 73. 

Saxton, 127, 128. 

SazanolT, 178. 

Scarpa, 103. 

S(‘habur, 244. 

Schabus, 94. 

Sehaer, 09. 

SchalTgot8eh,.l.30, 132. 

Sehaller, 15, 19, 26, 29. « ♦» 

Scharizcr, 25, 26, 149, 169, 161, 162, 166. 
Shaw, 16, 17, 

Seheetz, 121. 

. Scheidharter, 24. 

Schendeler, 220. 

Schenk, 196. 

Scherer, 24. 

Scbeufelon, 81, 104, lOG, 

Scheuro^-Kestner, 63, 60, 88, 119, 143, 
U5, 177. 

Schiff, 216^ 

Sehimank, 42. 

Sehirniif, 39. 

Schj<^dei'up,.' 163. 

' Schlossbergt^r, 87. 

Schli|ederborg, J60. 

Schmid, 19. ‘ 

Schmidt, 111. 

■^■Schmitz, 40> 46. 

Schneider, 24, 29, 125, 128, 135-137, ^187. 
Sch(X5h, 60. • 

t ch6nbfeii4l66, 56. 57, 78, 
choene, 195. i , 

Soholtc, 103. 



251 


11(5, 220. 

• Mjjwakors, 102. 

^ •>13r>. . 
yrti45dter, 19. 
oCnrotter, 183. 

Sohutz, 19g, 193. 

Schuler, 221, 222. • 

Sohulten, do. 111, 18.1, 

Schulze, 230, 240. 

^ohwarzotiboi'f. 188. 
Sohwoinfurth, r>. « 

Scott, l.OO, ir)4, 155, 211 
Scott, 11., 10. • 

Sfqfct Jl- K., 19. 

Scott, if. , 1.^)4. 

Sonvorujr, 0, 21 
Seidell, 210, 223. 

Soli van (A', 239. • 

Sell, 187. 

Soiuillor 1941. 

Sen, 224. 

Senarmont, do, 110, 14(>, lO?. 
So%lorons, 40, .^>1, 00, .00, (J^, 110, 
Scrono, Oil. 

Send 1.1 », 103. 

Seuhort, 84, 145, 140. 

S^m.s, 14. 

Shaw, 10, 17. • 

Shea, O', 35, 37. 

^Shepaiil, 13. * 

Sheppard, 85. • 

Shilton, 230. 

Shimidfu, 108. 

Shoct, 101. • 

Sidot, 112, 132. 

Siovert«, 42, 44, GO, 173. 

►Siewert, 119. 

Silva, 199. 

Silvestri, 20, 173. 

Simck, ^3. 

Skey, 11. 

Skrabal, 35, 36, 162, 245. 

Skraup, 226. 

Smith, 23, 25, 117. 

•Smith, G. C., 49. 

Smi|h, D* 130. 

Smtth, Dtp., 42 
Smith, E. E., 246. 

Smith, E. F., 138, 139, 141, 191. 
Smith, F., 233. . 

Smith, G. M‘P., 102. • • 

Smith, G. 0.. 23^. 

Smith, H., 83, 

Smith, J. L., 24. ^ 

Smith, L. G., 260. 

SAith, R. A., 5. 

Smith, V., 3. 

Smits, 59, 60. 

Sm;^he, 93. 

Soeilner, 98. 

Solly, 17. 

Sob6, 113. • • 

SfmBtadt, 152, 216. , 

Sorby, 31. 

Stret, 164. .• • . 

06. n3, 117, 118, f29. 

^ VOL. IX.IU. • 


.vAhE I3WEX. 


I Source, ^ la, 128. 

Sijenoer, if, 183. 
j Sperunf»ky,^88.*4 
j Sj)e/ia,^23. 

SpitzoV, (50. * 

Spniip, 33, 51, 100, 12!), US. 
tfa^^ler, 22,1 231. J 
Stahl.sohinidt<»l74. 

St^ingo, D59. 

StaiuM-hf 226, 227. 

Staponh«)it, 00. « 

Starke, LOl. 

•steel. If • 

Stem, ir39. 

Stominaim. 29. 

Stenlu^nson, 208. 220. 

Steii9>org, 213. • 

Stevenson, 81, 127. 

Stoca ker, 233. 

StoiTel,*l!t0. % 

Stokes, 23, 135. 13(5, 138, 1 10 1 12. 230. 

; Stot.e. 14. 

I .S(ortetd>(‘k<T. 155. 

^ St lend /, 43, 

‘ Strong:. 27, 1 14. 

Stioniliolin, 212. 

Striue, 183. 

Sturm. 38 
Sumlell, l.'O 
Snr.lt, 102. 

SniminotT. 170. 

SnsUclunsky, 14, 15. 

Snznl.i, 1.58 
SvanlsTfr, <54. 

Svedltei}.. 03. 

TA(a’HiM, 12. ^ 

'I’aceoni, 240. 

43. 

Tfftnmniui, 9, 133, 

Taru}j;i, 230. , 

Tassin, 13. 

Tatlook, 230. 

Taylor. 1^ 121, 124. ^ 

Tegenijren-l 3. 

Thiel, 51, mi, 

Tlnlhia, 44. 

ThomlinBOt, 00. 

Thompson, 113. • 

Thomson, 92, 90, 104, 10*, fl2, 124^ U 
'Ifcftmson, J. G., 34, 58, 01« 70, 177, 
Tl\i)o, 160, 243. * 

ThorvaldsoD, 66. 

Thurgau,*!^ ^ i 
Tichvin8kj*%68. * < 

Tilden, 39, 44* 70, 147. 

Tii4||(iormans, 36. * 

'linker! 209. • 

Tiasandiei* 109. 

Tissier, 220. , 

Tobler, 150, *56* 

TOrnebohm, 11. 

Tovmaai, 121, 122, 

Towtkiewicz, 80. • 

Treadwell, 118, 227, 


, 209. 

Thomas, 78, 95, lo, 105, 106. 



258 


. IRON AND ITS OOkPC>TINDS. 


Troitschke, 133. 

Triantaphyllides, 188, 189. 

Tri hot, 1 28. ^ 

Troost, 43, 04, 95. 

Tschormak, 127. ^ 

Tsohirwinsky, 2l0» 

THchiachevski, 173. ^ 

Tschitschilj^bin, 220. 

Tsoliugaov, 240. 

Turner, E. E., 2tl0|231. 

Turner. 1\, 47. * 

TuriK^r, W..E. H.«r.^95. 
Turrontino,*/)!, 55, 60. 

Tutton, 15.5,169, 170. 

Tyrrell, 27. 

Usher, 153.^ ‘ 

Valenta, 219. ' 

Vanzotti, 100, 238. 

Varenrie, 56, 68. 

Vogard, 163. 

Voley, 53. 

Venator, 55. 

Venditori, 179, 223. 

Verneuil, 192. 

Vernon, 236. 

VoaUirljjerg, 123, ' 

ViofliauH, 41, 

Vierlin^, 82. 

‘ Vi^?ouroux, 51, 238. 

Voorman,H73. * 

Vogel, 14, 94, 167. 

Vogt, 23. 

Volger, 148. 

Volkrwinnv Ka'. 

Volachin, 4’25. 

Vorlander. 2k 6. 

Vortniann, 167. 

Vrba, i44.* %. • i 

WaokhnkoderI rt4. 

Wade, m. 

Wiiel^^ter, 103. ' » ^ 

Wagner, 87-89, 100, 164, 246, 247. 
Walden, 102-106, v 13, 118, 129.^ 
W4lker, 70, 72, 122; \ V. 

W<ilker, J., li:». ^ 

Walker, T. L., 23. 

Wallaces 21b, 222. 

Wal^nberg, 38. • 

Wandesleben, 19 a 
Wanmkow, 147, liJo, 

Wanllyn, 87, 

Wardla\^, 93. v 
Warreti. 28, 174. ' 

Warth, 19. ( 

Warynski 80, 84* 82,\ 150, 

Wataon, 18. 

»• Watte ville, do, 41. 

Watts, 35, 186. ^ 

.Weber, 96, 103, 119. t 
Weed, 22. . 

Wegelin,22i * 

Weigel. 134, 138, 14&. 

^ * 


i 


l^inbew, 103.* 

Weinlan^, 87, 88, 90, 162, 192. 
Weinscjienk, 11, 12, 143, • • 

Vi^inwurni, 77. 

Weisof, i46. 

Weiss, 144. < 

Wells^26, jog. 171, 205,' 222, 237. 
Weltzien, J&3. r 
fWoichowslii, 86. 

Werner, 81, 95, 208, 212, 236. 
Werth, 195. . ' 

Wetzlar, 52, 63, 67. 

Weyb^rg, 23^.' ' " 

Weyl, 56. 

Weyman, 125. 

Wheeler, 121. 

Wherry, 27, 29. 

White, 51, 54, 174.* 

Whitney, 69. 

Wii^lo, 179. 180, 182, 202. 
Wildenstein, 176. 

Wilhelms, 79, 130. 

Wilke-Dorfurt, 4%. 

•Willfins, 5. 

Wilfepz, 245. 

Willey, 19. 

WilJgorodt, 81. 

Williams, 90, 207-S<'-2, 2l8. 

VVillrn, 213. , 

Windorlieh, 134. 

Winki'lmann, 46. ' 

Winkler, 11, 65, 94. 

Winther, 81, 83, 85. » 

Wirth, 25, 150, 151, 167, 158* 161. 
Witt, 245. , 

Wittorf, 198. 

Wittstcin, 09, 192. i 
Wobbe, 126. 

Wohler, 9«, 95, 111, 113, 115, 121, 14] 
Wohler, F., fl. , ^ 

Wohler, P., 160. 

Wohlwill, 170. 

Wologdine, 182, 183, 239. 

Wortfl, 10 , 

Wright, 126, 136. 

Wrightson, 38. 

Wurtz, 18\, w 

Wyrouboff, 207, 208, 212, 219, 220. 

»■ 

Yarrow, 96. j 
Young, ,56. ** 


ZAlKsoNfNi, 28, 181. 

Ztiigerl^^eS. * 

ZecTOntmayer, 93, 153. 
Zfga, 246. . 
Zemjatsch^sky, 1^. 
Zorr, llff, 227. 

Ziegler, 133. 

Zimmer, 1, 2. 
Ziramer|aann» 245. 
Zimit4^26. ^ 
Zsigmondy, k27. 
Zuccari, 231. 

Zuoo, 8C 


I, 161 





AwoEFT^Oii of hydrogcri 44. 

Ati4«*. ttoticMEon iroA, 52.% 
gr- OErbonyl ferrocyanic, 232. 

— >^nioVajttic» 220. 

— forti-^ulphunc, 102. 

— fem-pyropho^^nc» 189. 
-^feiTooyani#, 200T' 

— ferrocw, 123, 120. 

— ttitrqpnifltie, 228. 

«Aomite, 28, 30, 230. 

30, 239. 

^Alkalies, action on iro* 54, 75. * 

Allotropy, 41, 69. * • • 

Alaminium ammonium forrooyanid^^, 207. 
ferrooyanlde, 207. 

^ — fdrrofluoride, 88. 

^ ferrous sul^Jliate^lC?. 

— ' potassium fenrocyanide, 218. 
Amarantite, 25, 30, 1%1. 

Ainmino penta>cyancl6rritoH, 234 
Ammonium oupriferrooyamde, 21 
— Vproferrocyanide, 210. 

— ferric ciiromste, 172. 

— ferric ferrocyanide, 227. 

•— ferric vanide, 221. * 

— ferri-^itroso sulphide, 181. 

thiosulphate, 182. 

— ferri-di^ortbophosphate, 1 8^ 

— ffiri*diaulphate, 102. • 

! — ferri^flttoride,^. 

^ fairi-sulphite, 140. 

— fhcro^anide, 207. 

ferrOfluoride, 87* • 

— ferro-heptanitroso sulphide, 180. 
ierft>as selenate, 170. 

' E. ^»aipliate, 166. • • 

^ iron atum, 163, 164. 

^ idtK^nui^e, 231. 

-- pettti^orferrate, 102. 
tatn^bromfNrratftf^Oo. 
tatt««hiocferrat6# 102. 

HI- iatiliohlhcfetrite, 93* 

AOUK^lttta, 28* 30* 239. 
^Aii«h^rit<vm . 

Aqtoo pantaKijaaofeirrato, 
paB^-€yaoof6rrite*^35. 

AoittMaolif ON* 20, ,30. * 

AB^te» 2(h SO, 


Atomic weight of irotirw*. 
Awj^te, U. 30. * 

Baiuum carbonyl ferrocyanfde, 232. 

— cupriferrooyanide, 211. 
ouproferrocyanide, 210 

— ferrate, 1 30. 

— ferricyanide, 22f. 

— fbrridisiilphUte, 102. 

— ferrifluorido, 89. 

— ferrocyanide, 208. 

— nitroprusside, 231. 

— perferrate, 131. 

— potassium ferricyanide, 221. 

ferrocyanide, 218. 

Bamhardtite, 23, 30, 136. 

Beraunite, 27, 30. • 

Berthierite, 27, 30. 

lUotite, 33. 

Bismuth ferricyanide. 221. 

Bixbyite, 16. 30. - * 

Black ash, 137. 

Blaokbaud, 21, 30. 

BlisU'^red copper ore, 137. 

Blue iron earth, 26, 30. ^ 

Bog ore, 19, 30. 

Bootliite, 25, 147. 

Bomite, 23, 30. 

^Botr^ogon, 26, 

Bromatei^ 106. 

Bromferrates, 100. 

Bromides, 104-106. 

Brush|pro, 18, 30. ^ 

CadmitAi aiumomum^errooyantd^i 
0 ~ ferrocyanide, 208# 

— ferrouf sulphafb, l5o. 

— potUBsium lerrocyMiide* 208* 
Osssium ferrocyanide, 208. • 

— ferro-heptanitroso gulfhide, f81f 
( ^ ferrous selenate, 17(L 

— sulpb%te, 166, MW. 

^ bexachl^errate, 103k 
► — irofldift, 163-W6* . 

— penta^mfeAitat 106, ^ 

— pentacl^orierrate, 
a^seleniutn aluni, ^71.* . 

— ^trabrofrieiTaft* Iw. 

— tetri^hkOTeotate, iMi; 

— tetarlehlpif^te, 91, ^ * 

-- triclilot^npe* Hi 

cyoiam ammohinm f 

^l0rrieyinMe»2». 




OapilfMy water, 128. 

12W08. • 

‘^arW on iroa, 40. ® * * 

20, 200i , 

^Oerbboy! ferromnio aoR/^32. t 

*r-^ peata-oywiOTeirritei^ 232. 

OftTpoayli, 108-200, 
tWamte, 25, 30, 16U 
Iroo, diecoyerf of,i6. 

— ; — native, 12. t 

Catalytic l^oaf 63. f* , « 

Oementite, 106. 

Cerium ammoifium ferrocyanide, 208. 

— potaieiom ferrocyanide, 210. 

sodium ferrocyanide, 220. . * 

Chalcopyrite, 30, 137. 

Ohalmeraite. 24,^30. ' 

Ohalybite, 20, 30, 200. ♦ 

(M^n de fer, 22. 

Ohemloal sand, 161. 

.Wdrenlte, 27, 30. 

OMorates, 103. 

Chiprferrates, 102. 

Cbloiferrltes, 102. 

Chloride^, 00-104. 

Chlprobromide, 106. i 
Chrome ifbn ore, 13, 30. . 

Chromite, 13, 30, 171. 
dmondtlte, 17, 30. 

OhromoferritI, 13, JO. 
^.Ohiomduiierrouseuiphate, 155. 

day ir^ stone, 20, 30. 

, deyewndlron stone, 21, 30. 

Itloal, anuhJU^rc^otion, 8. 

lhrri0uori6e|9O.- 

120. 

w-^idi^B%yrites, 23, 35. * 

pyrit^, 23, 30. 

4 30, 10|(. ^ ... 

/f^ot^lron,08: " 

;43Q$<a»^rio estimation. 246. 

. f 

, JOo^W 26, 30, 147. ^ ^ 

OapwcompoonHs. Sm Cuprm, Cuprous. 

' -^pyTiM i3«30, 136. 137i 
; 25, 38, ^0. 

v^^ dlMilTed iatsmid. 72. 

- i«niihti»'and/fo. f 
' • 101,71. r ^ 





,30,!240.^^ - 

ierroeywd^ 1^, . 


] Cntrancy 6., 


lleiafoeslie; . „ 
mu ftllar,j3. <: 

Density,* 38. 

— influence of oold m 

Berbylite, 28, 3^ * 

Diferro b«ride, 440. ■ ^ 

— carbide, 107. ^ 

— nitride, 173. 

— nonacarbonyh 200. 

— phosphide, 183. 

— silioide, 61, 238. 

Dimagnetite, 13, 30. 

Dog(^ t2, § « 

•Douglasite, 29, 30. 

Dnmnite, 27, 30. ^ 

Durdeaite, 30, 171? 

EiSKENif Hut, Der, 22. , ^ 

Electro-deposition, copper on iron, ST ' 

— iron on copper, 86a ^ ‘ 

Eleotrrfytio iron, 34, 22*7, 

Emmonsite, 26, 31, IVl. 

Eophosphorite, 27, 34. 

Erubescite, 23, 31. - 

Erythrosi^rite, 29, 31. 

Esmeraldaite, 19, 31, 121, 126,.^ 
Bveritt’s salt, 226. 

Expansion of iron, ^0. 

Explosive pyrites, 22. 

Fairy balls. 22. 

Fayalite, 28; 3]» 239. 

Feariier alum, 167; 

Ferrates, 130-131. 

Ferric alums, 163. 

-i* amidesulphonate, 166. 

— ammonium alum, itfit. ^ 

antimony chloride, 103 - 

— — chromate, 172. * ^ . 

ferrocyanide, 227, . . ‘ 

— — ortho-arsenate, 193» 

— arsemte, 192. 

'bj^mate, 107. * 
bromide, 106. , 

oesfium Mum, 16^., 

carbonyl, 201." ' 

J oarlgn^ too^nide, 288v 

^d&de,«)504; ^ 

'.acddiiialtSj 

“ ifl? 

tpo^ 







^-JOm ' ■ 

" hydrojdcte* 121. 

*iQdld[0^1OS.’ 

mfcgftetiam aluip, 

» metAphorohatfr, 1^7.; 

^ntoi^TO. X 

^^ftkb'»atimonate, 194. 

^ brtli^-iliniMuite, 192. 

cpUoidAl^. 

-oribophotpiiaJi^l85. 

--.wfd* 187. 

--^haiio, 187. 

ooUoidftl, 187. • , 

- oxide, ,115. 

adaorption, 124^ 

- — catal^ci 120. • 

- — orjmtalline, 116. 

• w- diMWiation proBaure, 1 18. * 

• — hpdmted, 121. 

- — iBoiiohjrirete,«66, 121, 122. 

- — polymorphiam, 121. 

- berohlorate, 103.* 

• ^rdodate, 108. 0 

- phosphite, 184. 

-potassium alum, 166. 

- ^ anMivate, 193. 

- — ohfomate, 172. 

- pyrophosphate, 188. 

• rubidiiun alum, 166. 

- »al^ reduction of, 83. 

- selerdde, 169. 

• l^eaites, 169. * 

- aeleiiittin aluftis, 170. 
^^de.239. 

« aolphate, 168. 

- • 

: doable sulpMtes, 162. 
-^hyd]»t6t, 169-160. 

. iid^de, 136. « 

-*-fydrated, 136. 

171. 

.t«§pintlphate,40i5. • 
thkidyanftte, 23& 
iK^dcg^ aoidi ^ 

Sttldhn^haitic ^d, 162. 

186-188. 

L 188^169? . 




. _ iiirtioh,! __ 

Ferro di-ao^imonide, 168. , 

-^^linllroso salphidw, 176-181; 

dinotiteo thiosulphatea, 188^ ^ 
Ferroflaoridee. 87-8^ • 

'^.ferro haptaoitposo sulphides, l78-i8!c 

— hexat^iooyanates, 237. 

— monantimonide, 193. • 

— natrite, 26, 31. . 

— nickel carbonyh 20(7. 

- palladite, 26, 149. • • • 

Fejloso-ferjio amiKonium sflphate, 166, 
—Chloride, 103. 

j — oxido, 112. • 

sulphates, 165. . 

j•Jj'e^'0U8 acid, ]^^3, 129. 

' — aluminium sulphate, 11^. 

— amido-sulphondle, 1661 
— •ammoniunasulphate, 166, 166* 

— bromato, 100. 

— bromborate, 241. 

— bromide, 60, 104. 

— — aramoniatcs, 104. 

-- — nitroso, 106. * 

solubility, 106. 

— cadmium sulphate, 166. 
oscsium ■alphateel66. 

• - carbonate, 200. 

•- chlorate, 103. 

— chlorborate, 240. 

— chloride, 00. ♦ 

* ammoniates, or 

- ' — nitroso, 93. 

— chromate, 171. 

— chron) ous sulphate, IJp. ^ 

— copper sulphil*, 1 sir 

-- cyanide, 202. • • 

dihydrogen orthopUnspnate. 186. '^ 

“ disulphate, 167. 

— dlthionate, IoTt 

— ferriiJlioride, 89. • 1 

— ferrocyanide, 227. ^ ; 

— fewo'heptanitroso fulphide, I8O* ' 

— HuTride, 87. • - 

— flui^ilicate, 240. ^ 
y hydrogen carbonate, SWl. 

“ — fefrocyanile, 225. 

arth^hosphate, 1H6* ' 

hydroxide, 111. , ^ 

I dihvdrate^ * 

•hypophosphite, Isi* 
f V - io^to, 106. a ^ 

V iodide, 10\ % ' 

-• si*amiilfoniikt6«,U<77.* * ^ • 
magibsium i$9n 

- — 8ul|^le, 16$.. ^ 

] 0 ^ mangaSese ipelasil|M 
i • ^tulpbate,l«* ^ 

e^ttmonate, 


840 .« 



IRON AND TO COMPOUNDS./ 


Ferrotw ortho-arsenate, 192. ' 

— orthophosphate, 184. 

— orthosilicate, 239. 

— oxide, 109. 

— ’•oxythiocarbonate, 202. * 

— perchlorate, 103, 

— i)eriodate, 108. • , • 

phosphite, 184. 

— potassium carbonate, 20 
ferrocyaihde, 226. 

— sulphate, 166, 160. 

— pyrophosphate, A8. • 

— pyro8i*lphate, 107# 

— rubidium sulphate, 1^6. 

■ — selenate, 169. 

— selenide, 168s 
•—selenite, 169. 

•- sodium inetasilicate, 231) 

— salts, as reduiers, 82. 

oxidation o#, 8 1 . • 

— sulphate, 147, 

acid, 168. 

ammoniates, 150 

basic, 167. 

double salts, 154. 

— ' — hydrates, 147-160. 

nitroso, 153. 

reducing action, 1.52. 

solubility, 161. « 

— sulphid#, 132. 

hydrated, 134. 

— -aulpmte, 146. 

— telluride, If 1. 

— tetrathionate, 16?. 

— thlo-antimonite, 194. 

— thiooarbonate, 202. 

• — thiooy^at|. 2^6. 

— thio-hexammonlUte, 

— thio-orthophosphate, 189. 

— thio- orthophosphite, 180. 
— 4hio*pyropho8phaJ«, 19 

— tbio-p^ophoaphlxo, niO. 
thiosulphate, I If 7# 

— titanater^4. 

Eino sulphate, 16^V 
Perroxyl,*72. * 

Pibrofenite, 25, 31, 1^1. 
Fluof^rates, 89. 

FluofOTrites, 87. 

Fluoiides, 87-90. • 
Franklinite, 14^31. 

OABNkTl, 33. 


19, 18,115..^ j 
Hair %at, 157. , 

Halotrichitei 25, 31, 161* . 
Hexaohlorferratei^ 193. 

Hisingerite; 29, Si, 240. ^ 

Histo^ of Jrpn, Chapter I. 

Hceferito, S9,*31. 

I ^Mornblende, f3, 

Horseflssn ore, 31. 

Hydrazine ^prfo-heptanitl’oso sulphide, 181. 
Hyorwgin carbonyl ferrocyanide, 232. 

— ferricyfinide, C'^2. * , . 

— fern- pyrophosphate, 189. 

~f ferrocyanide, ^6. , ^ 

— ferro-hc^tanitfoso sulphide, 179. 

— nitroso ferricyanide, 228. , 

Hydrogoethite, 19, 31, 121. 
Hydrohaematite, 17, 31. ‘ 

Hydroxylamine ferro-ceptapitroso sul- 
phide, 181. 

Hypersthene, 239. 

Hystj^^to, I5#31c 


Ilmhnite, 14, 31. 

Indian Jiid, 116. 
lodalesytlOS. 

Iodides. n)7-108. 

Iron. See also Ferric, Ferrous. 

— absorption of hydrogen, 4t. 

acids*)!!, 62. ^ 

age, 2. 

-- alkalies on, 64, 75.# 

— allotropy, 41. 

- amalgam, 62. 

-- ammonium alum, 164. 

- ■ arsenides, 190. 

antimonides, 193.* 
atomic weight, 64. 

- • carbonates, complex, 202? 

- carbonyls, 198-200. 

- catalytic, 

— chemical properties, 464)6. 

~ colloidal, 63. ' 

- corrosion. Chapter IV. 

- - crystals, 37. 

- density, 38. * 

- detection, 242. 

- di-autimoTcde, 103. 

- - di-arsenide, 190. 

— diboride, 240. 

-- dicai*Didc, 198. 

— disllenide, 169. • h • 

f— disilicidfe, 239. , 


Qelhielite, 16, 31. ' # 
Glauood#te, 24,^431,4^90. 
Glauconite, ^8. ^ 

Qtuomum pentaohlorfe^atE, 102. 
/Soethite, 18, 31, 121. 122. 
Gosmn, 22. ^ « 

Qraftonite, 2 $, 31. 

(^en vitriol, 147, 

HjIMAtlTB, 15. 

— ibro^, 17. 

, hydrated* It ‘ 

-origin, W. ^ 


disiflphide, 138. 

— eliDtro-dlg)osition on , copper, 36. 
, — elect|ply€ic, 34. 

— estimation, 243. 

— ellpanBion,4W. 

— glance, b6, 31. 

« — hydride, 87. 

— ions, 84. * 

— melting-point, 38. 

— metfot^ 2, ^IL 
^ monannmoni^, 19S 

— monarsenide, IW, 

— monob^de, 24Q# 



•SUBJBCT INDEt. 


•sws 


iwi, , • 

7-^ j^yitxvph<nphid6) 18^« * 

-i^ naoiiofleleiude, 168. 

— mooo^cide; 238. 

— native, 8, 31. * 

— ’jiitride, 173. 

— occlusion of gases, l3. 

, olivine, 28, 31, 238. 

— ore, production, 8. % ^ 

— ores, Chapter f I. 

— passivity, 65.- 

— pentacarbonyl,^ 16941^ 

— permeability to gas«jp, 4 

— phosphides, 18J. 

— physical properties, ^ 

* ••powder, pi^)pertie8, 00-' 

preparation of pure, 34. 

— pyrites, 21,^^. 

— pyrophojjic, OTk 

— refractive index, 41. 

— rhodonite, 240. 

— salts as catalysts, 78*81^ • 

— general properties of, Chapter!'. 

— sosqui-ars'enide, 1^0. • 

^ — sesqui -oxide, 116. • 

— 'sesqui-phosphidei 183. 

— sesqut-seleiiide, 100. 

— aiUcide, 238, 

— sinter, 2% 31, lijiJl. 

— specific hont, M. 

— sponge, 62. • 

sub-arsenide, 19j^. 
sub-boride, 240, 

— subsulphides, 132. 

• -2. tetra^rbouyl, 190. 

— thio-arsenide, 190 

— volatilisation, 39# 

Janositb, 2ih 31, 169. 

Josephinite, 11, 31. ^ 

irfMASITE, Ilf 31. 

Kertsohenite, 20 • 

Khaghal, 25. 

Kidney ore, 10, 31 
Kibdolophane, It, 31. 

Koftinokite, 27, 31, 180. 

• Kr^ersite, 29, 31. • • 

Lao, 42. 

Lagonite, 29, 31. 

Lake ore, 19, 3U ^ • 

Laterite, 19, 31. 

Lead ferricyanidd, 222. 

nitrate, 

— ferrocyanicn^l I . 

I Lepidoorite, 19, 31. 

Leucop 3 rrite, 27, 31. 

Umnite, 19, 31, 12J. 
limonite, 18, 31, 121, 123. 

• Uakeardite, 27, 31. • 

Litfflum cunriferrocyamde, 211. 

— cuprofeiTocyanide, 210. • 9 . 

. — ferrdlydhide, 211. 

Lodeatone, 12f8L 
L6liiigi^27, 31, 19^' ^ 


Loggoh kulluty, 5. 
Looking-glass ore, 16, 31. 
Ludl^nite, 27, 31. 
Ludwigite^ 15. 31. 


AIaonks, 13 

I Magqesiofcrntcf 15, 3J. 

♦J^Magnqiumi auimonifon forroeyanide, 212. 

— euprifeniK* anule, 211, • 

-- euproferrt (Cyanide, 210 * 

— ierneyiini(l(', 22iJ 

— ferrite, 129. • 

— ferroeyanide, 211^ , ^ 

—ferrous orthoaiiieate, 2.'1|). 

-# ferroua*8ulpliati‘, I.*."*. 

— iron alum, 10,5. ^ 

— - nietasiheate, 23!) 

— pr-ntachlorferrate. 102. 
potassiuMi^'feiroeynnKjp, 219 

— 8ul])hate. 14S.» ^ 

tetrachloi^ernte, 94 

Magnetic pvritcs, 23, 31, 135, 141 
Magnetite. 12. 31, 112 
Magnofeinle. 1.5, 31. 

.Manganese feriocyannle, 212. 

— ferrous inetiiMlieale, 240. 

— fi'i rous sulphate, 155. 

Marcu.site, 22, 31, 138. 

Manual ite, 24, 31^135 
Mnnjuisile, 21. 

uMartitc, 10. 31. 

Melanlcnte, 2.5, 32, 117 
Menaei’anite, 15, 32 0 

Mercuric ferricyani^, 222. 
fericK ynnidc, 212 
- - tloiihle sait.s, 212. 

— jxjtas.sium ferroeyanide, 219. 

Mercurous * 

Mc.sil lie, 21,52^^ i 

Meleonc iron. 1, 2, U -11-* 

Meteorites, unalyscH of, 10.^ 

M«*uceous jritif (W(‘, W, 32. % 

Minernrfogv of iron, yiApter II. 

Minette, I’O, 32. » 

Mispickel, 24, 32. 19<> 

MoMI’h salt, 156.# "• ^ 

Molqsit^-, 29, 32. 

Montlners’ blue, 2iW 
Mullei^e, 28. \ ^ 

Miuyjic, j|l, 32, • 


^'ative iron, 9, 31.* 

'1 Natural bronze, 2. ^ 

V Ne#‘dle iifr:^tone, T^$2ai» 

i^Nicikel Lirrimioride,«9. ^ 

, j — fej^tc, 13(k * 

; — ferrocy.anide, zl2. 

1 — nitrofirusside, 23 

V v- pyrites, 23. * »• • 

Nitrito penta-cyanoferrites, 21 
Nitn^ron, 175. $ • 

NitropfeussiiAes, 228-231. 
Nitroa4^peflta-cyanofen»tes» ! 
Nitroso salts* 93, 9o, 106. *163 
Nontronite, 28, *32, 240, < 



284* IRON Airo- I ts 

OCTIBBIHITS, U, 32, ‘ j 

Ocolu«ion of gaset, 43. I — nitH)J>rns 0 ide» 231' 

Ochre, 18, 32, 115. — pentachlojferrate, 10^ ^ 


OUrine, 28, 32. 

• Onegite, 19, 32. 

Oro, definition, 9. 

Oxybrornidoa, 107. 

Oxyohloridee, 104. 

(fxysnlphides, 145, 

«l 

Pboite, 24, 32, 1 90. 

Paposite, 26, < 

ParaviviagUe, 26. 

Passivity, 55, 6h 
^ allotropic theory, 50. 

— cause of, 57-64>. 

— gaseous film theory, 6H 
-m. oxide theory, 67. 

— physical thooi^s, 5S. 

— testing for, 56. $ ^ 

•Peacock ore, 137'. 

Pentabromferratcs, IU3. 
Pentachlorforrates, 102. 

Pentacyanide derivatives, 228-235. 
Pfentlandite, 21, 32, 135. 

Perchlorates, 103. 

Perferrates, 131. 

Per-iodates, 108. 

Pharmaoosiderite, 27, 193. 

Phoapho8id«ite, 27, 32. 

Photochemical oxidation, 83. 

— reduction, 84. 

Pig iron produoiiou, 7, 8. 

Pinguite, 29, 32. 

Pisanite, 25, 32, 147. 

Pistomesite, 21, 32. 

Iflanoferrit^ 26, 3*^ 6 1 . 

•platkiiferous chrorams. 14#u 
Plumbofenjte,^0j 32. 

• Potassium aluminium foiTocysniile. 218. 
— * a^uo leirrioygjiido, 236. 

— forrod^aiiide, 2Sft. * 
barium forrocyar^, 218. 
calcium f<|jyocyanide, 210. 
carbonyl ferxooyani^e, 233. 

1 — cerium ivrrocyanide, 240. 

— onpriferrooyanide, 211. 

— ouproferrooyanide, 2l^. 
fei^ chromate, 172. 

silphide, 130? 

— ferrioyanide, ^2. 

— lerri-dftulfhate, 1412. 

— fem-dilulphite, 146.* 

— ferri-fluoride, 89. • 

— farri-suliphite, 

— ferrttetra8glphite,«14i6* 

lerrooyajriide, 212. ^ • 

ferrB-^ftroso sulphide, 181. 

—* — lidosulphate, 181. « • 

^ ferrp*hoptaftitroso^lph#de, 17^. 

^ — iermuft oarbopfite, 201. 

* !L<eupriferroo3Winidet 21 1 , 

aelenate, 170. 

— >«-.stt!ph4to, 156. 9 

— iron 16^ 165. 
magnesiuitf feif poyanide, 219. 

^ f • 


perfertate, 131. ' , 

--# sulphite ferrooyjhnide, 236* 

— tetrf ohlorfprrite, J#. 

— triohlorfirritc, 94! 

zinc ferroc.^nide, 220. t 
Prussiaiv Wu^^225f 

t^ommc^ai preparation, 227. 

* •• vii^hiole, 220. ‘ 

soluble, 225 ’ • 

Puddle ore, 16, 32. ; 

Pyiite, 21, 32. 

Pyrites, 21,*32. f 

— arsenical, 24, 30, 190, 

~ cobalt nickel, 23, 30. 

t — cockscomb, 23, 30, 

— coppor, 23, 30. i 

— explosive, 22. 

— magnetic, 23, 31, 136. 

— radiaifcd, 13% « 

--,spea*r, 23, 32. 

— white iron, 22, 33. ^ 

Pyrimhorio iron, 63. • 

PyiTnosiderito, 19. 

Pyrrhotitef 23, 135, 143. 

Qtjbnsteptite, 26. 32. « 

« # 

I Radiated pyrites, 138. t 
Rocaleacence, 41. ^ 

Red fossil ore, 17, 32. 

hgematite, 16, 18, 32, 115. 

-ochre. 17, 18,32. , 

— prussiate of potash, 222. 

Hhabditc, 26, 32, 183.* 

Rinucite, 29, 32. 

Roomcrite, 26, 32, 166. « 

Rubidium ferro-heptanitroso sulphide, 18! 
f— ferrous aelcfiat(\, 1 70. 

— ferrtfus sulphate, 166, 160t 

— iron alum, 163-16&. 

-- pentabromferrate, 106. 

— - pentaohjorferrate, 102. 

— tetraohlorferrite, 94. ^ 

— trichlorferrite, 94. 

I Rubinglimmer,«l9, 3% 

* Rubio ores, 19. 

Ruddle, 16, 32. 

Rust, confposition of, 76. 

Rustinjf. See Corrosioi^ • 

•./ • • 

mLVAD(^ITS, 26. 

f 8ammil/-blen^, 19, 32. 

Sooro(me,^27#o2, 192. 

I^enaite, 32. 

Serpeiftine, 33. $• 
g Shining ore, 32. • 

' Siderazote, 29, 32, 173. 

Sideritc, 20, 38, 200. 

Siderochrome, 13, 32. 

Sideroplefit^l, 3f. 

Sfenna, 18, Sz. 
suicides, 23fe. 

^Silicon ferro^oiide, 6^ 



■ '*SUBJEcr IND^. 
■ ' ■*. . • 
lSjW6oyftnMe,#33; 

[», S19. ,* 

192. • 

Sn^hoi»,l8,‘32. 

Somttm ammonio ferro^anide, 234. ( 

—^aqifttferrioyanidfe, ^35. « # 

£e]^rooyanidc>j 235. • ^ 

— darboayl ferrocyanide, 2% 

— ouprifeiTooyanide, ^ 

^ — ouproferroc^Aiido, 210. • 

— femc.stdphide, 136. 

— ferriqyanlde, 0 mm • 

— - ferri ^-ortiiopnosplfcate. 186. 

dis^phite, 146. . 

’ met^^oaphatc, la|J. • 

•» — pyrophDsp’hate, 188. 

thiocya^te, 237. 

— triorthompsphate, 187. 

trisuiplia^ 102. i 

— ferrite, 130. 
feyocyanide, 219. 

— ferro-^nitroso sulplade^ 1 8 1 . t 
thiosulphate, 1 82. 

— ferro'heptanitros^ sulphide, I8( 

— fcrro-metaphosplufte, 189. • 

— f^ro-pyrophoflphato, 189. • 

— ferrets inetasilioate, 239. • 

— hydrogen femdetrasiilplule. lie. 

— nitrito ptitacmiofarnte. 234. 

— mtropru88ide,%28 ^ 

— perferrate, 132.# 

Souesite, 11, 32. 0 
apathic iron ore, 20, 32. 2(H» 
w^ear pyrites, 23. 32. 

{^ecificjjieat, 39. 

Spectrum, arc, 41. 

— spark, 41. • 

Specular iron, 16,32, 111. 

Sphroro-sidelilo, 21, 32. 

Spitting, 44. 

St^am on iron, 48 
If^eel production, 8. 

Stone ago, 1. • 

Stone of the Incas 21. 

Strengite, 27, .32, 183. , • 

Strontium, carbftiyl fcrrtjoyanide. 

— tupriferrooyanide, 211. 

— ouproferrocyanido# 2 1 0 . * 

— Terratc, 131. 

— forrioyanide, 224. 

— perferrate, 132. 

Sulphuryl chlorWi^)ntr«»ti. 


.'jO. 


u, 

Tamanitc, 26. ^ 
Taurweite, 33, 148. 


Temiiering odlours, 47. 

Tetri bromfen’atcfs 106, 
Tel^tchlorferrates. 102. 
Totrachlosfen-iti^, 03. 

'iitrtiferro cf ' hide, 198. 

^I'halhiui ftu'ieyanide, 224. 

— f« 4 rnfluondc,* 89. • 

► — fo^jiiocyan^t.', 220. 

— peu^chh^rferrate, 103. 
ThionyTohloridc on iron, .'5^. 
Tlpinderholts, 22. • 

Titanio iron ore, 

Towanite, 137. ^ 

TtchU)rfeiTitcs. il. • 
'rfliftMTic /etroxidi*, 1 12 

' Trifciro earhiilc, 19.") 0 

i — diaiiinmmidi', 194. 

•I ' pho.spliidc, IS2. 

!• - silicido, 2^8. # 

I - U‘lrapiiu.sj)lii(it, 1H3.|^ 
'9t'iplio)'})}iat^, 18!) 

I Triplu llitc, 26, 33 
I 'Pripli' ml I lies, 1T."» 

; I’rijnihvte, 28, 33, 
rioiliU*. 23, 33, 132 
: Tm mtr. 17. 33, 121 
J Tninhuirs hlno, 223, 226. 
m‘<uliil)l(’. 227 
Tufiily luid) soan^ 22 

0 I'DUKV M.UTh, 1."). 33 
: IJinhci, 1.8, 33 

! nmnvl rarlxmvl lone* vauede, 234. 

] \ KN KTl \N red, 1 I.'). 

; Vivmuilc, 26, 3,3. 184. 

' VoKaite, 16»). mtm • 

X'l 4 u met nr jinir ‘lal I « z*rr 

X • • 

! WiliTi. ircji pyrites, 22, “3. 

Williainimn’Hykdet, 22"), 2^1)^^ • 

\tr.lfraiinte, 1R,T13. • » 
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